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HE following Plan of a Courſe of Lectures 


on the Principles of Natural Philoſophy 
was drawn up in conſequence of the author's ap- 
: pointment to read the Plumian Lectures on Ex- 


perimental Philoſophy and Practical Aftronomy. Some 


propoſitions are added, beſides thoſe which can be 
ſubjected to experimental proof, in order to pre- 
ſerve their connection, that it might at the ſame 
time direct the theoretical ſtudent. Such obſervi-" 
tions are added as were judged might be uſeful, 


both to illuſtrate the experiments and aſſiſt the. 
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o ATTRACTION AND REPULSION, 


7 F. 
4 have a tendency to move towards it. 


This tendency of bodies towards the earth ariſes from the compound 
tendency towards all its For by an experiment made by Dr, 


Wh 


C. 8. | "> oo 


LL bodies upon the earth's ſurface L 


Mask Ly upon the fide of the mountain Schehallian, he found that 


a pendulum. had a tendency towards the mountain. Allowing there= 
fore the tendency which all bodies upon the earth have to every part 


of the earth, it will follow that every part of the earth has alike, © | 


tendency to every body upon the earth. For if A have a tendency to B, 
and A and B be matter of the ſame kind, B muſt have a like tendency 
to A. The tendency of the pendulum towards the mountain was ob- 


ſerved to. be much leſs than the tendency of a body towards the whole * 38 


earth. The tendency therefore of A towards I appears to be greater 


the greater B is. A ſmall body will therefore haye a greater tendency | . 


towards a large one, than a large body has towards a ſmall one. This 
power by which bodies are thus made to approach each other is called 
attraction of GRAVITATION. . £ FE | 2 
If a glaſs bubble be placed upon water in a veſſel near to its fide, it 
is obſerved to move up to the fide. Or if two light bodies be laid 
upon water near to each other, they will move up to each other, and 
e ſmalleſt hody will move the faſteſt. Theſe have been brought as 
inſtances of the attraction of the bubble to the ſide of the veſſel, and 
of the mutual attraction of the bodies towards each other; hut the mo- 


— 


tions which they are obſerved. to have are much greater than What = 


could ariſe from the attraction of gravitation, If a cork be laid upon 
water, and another cork be holden near to it without touching the water, 
it will produce no effect; but as ſoon. as the cork is put into the water 


the other cork moves up to it. They do not come together therefore 670 


by their mutual attraction. — 5 
| | A | 23 If 
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2. If two glaſs planes be moiſtened with oil 


and inclined at a very ſmall angle, and a drop of 


oil be put between them, it will move towards 


their concourſe. 


This proves that there is an attraction between the glaſs and the oil. 
The attraction which is obſerved to take place between two bodies in 
contact, 1s called the attraction of coHESION. 


3. If two globules of quickſilver lying on a 


ſmooth plane be brought to touch, they imme- 


diately ruſh together and form one globule. 
This can ariſe only from their ſtrong attraction. Props of water 


will do the ſame. 


4. Water is attracted by glaſs. 
This appears from its riſing at the edge of a glaſs veſſel above the 


level of the other part. Alſo if very ſmall glaſs tubes be dipt in water, 


the water will ſtand in them above the level of the water in the veſſel. 
Or if two glaſs planes forming a imall angle be immerſed perpendicu- 
Jarly in water, the water riſes between them above the ſurface in the 
veſſel, and the height is greater the nearer to the concourſe of the 

lanes. The curve terminating the top of the water between the planes 


is an hyperbola. 7 
5. Quickſilver is attracted by glaſs. 


For a globule of quickſilver will adhere to the under fide of a clean 
iece of glaſs. Its attraction therefore to the glaſs muſt be greater than 


its gravity. as 
6. The particles of water are more ſtrongly 
attracted by glaſs than by each other, 8 
This appears from the riſing of the water in ſmall glaſs tubes, and 
between the glaſs planes, above the level of the water in the veſſel. 
7. The particles of quickſilver attract each 
other more than they are attracted by glaſs. 


For if a glaſs tube be put into quickſilver, the quickſilver will not 


riſe in it ſo high as the ſurface of the quickſilver in the veſſel. Alſo if 


two glaſs planes be put perpendicularly into quickfilver, and be inclined 
at a ſmall angle, the quickſilver will ſtand at a leſs height between them 
than that of the ſurface: of the fluid in the veſſel, The curve terminating . 
the ſurface is an hyperbola, | ; 


8. Mercury 


* 


* 
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8. Mercury attracts ſilver more ſtrongly than 
it does lead, lead more ſtrongly than braſs and 
braſs more ſtrongly than ſteel. . A 


It is remarkable that the chemical affinities of theſe bodies to mer- 
cury follow the ſame order. | | | 


9. If two poliſhed plane ſurfaces of metal, &c. 
be beſmeared with oil, greaſe, &c. and preſſed to- 


gether, they are obſerved to cohere very ſtrongly. 


| The dil fills up the cavities and diſlodges the air, which prevents the 
attraction of coheſion from taking place. If the air be expelled by 
different ſubſtances, as oil, turpentine, greaſe, &c. it is found that the 
attraction of coheſion is different. Theſe ſubſtances therefore tend, in 
ſome way or other, to affect the attraction. It is this attraction of eo- 
heſion by which the parts of a body are kept together. When you 
break a body you only overcome this attraction, and could you join 
again the parts exactly in the ſame manner, it would be as ſtrong as it 
was before. The ſoldering of metals, glueing of bodies, &c. 1s only 
the bringing of the conſtituent particles ſo near that the attraction of 
coheſion may take place. The ſolder and the glue attach themſelves 
to each body upon this principle, and thus connect the bodies. It ſeems 
as if a contact of the parts muſt take place before this effect can be pro- 
- duced, for if the body be not well cleaned the ſolder will not hold 7 5 
ſo firmly together. | | „„ 
Hence we may explain why ſome bodies are hard, others ſoft, others 
fluid, &c. Hard bodies may conſiſt of particles which touch in a great 
part of their ſurfaces, and thus they will have a great power of attrac- 
tion. The conſtituent particles of ſoft bodies may touch in a leſs 
quantity of ſurface, by which the attraction will be weakened. And 
fluids may conſiſt of globular particles, which touching each other only 
in one point, their attraction muſt be ſo weak as to permit them to move 
with the utmoſt facility amongſt each other. Elaſticity may ariſe from 
the particles of a body when diſturbed not being drawn out of each 
others attraction; as ſoon therefore as the force upon it ceaſes to act, 
they reſtore themſelves to their former 8 22 wget 
Solids are diſſolved in menſtruums from the particles of the ſolid 
being more attracted to the fluid than to themſelves. And precipita- 
tion ariſes from the ſame cauſe; for if to the ſolution of any ſolid in a 
fluid, ſome other ſolid or fluid be added whoſe particles are attracted 
by the fluid with a greater force than thoſe of the ſolid which was diſ- 
ſolved, that ſolid becomes diſengaged and falls to the bottom in a fine 
powder, Thus ſilver diſſolved in aqua fortis is precipitated by copper, 


10, If ſeveral bodies, as glaſs, amber, ſealing 
9 e, Wax, &c, 


7 
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wax, &c. be rubbed with dry woollen cloth, they 


will both attract and repel light bodies. 
This is called ELECTRICAL attraction and repulſion, 


11. The ſame poles of two magnets repel, and 


the contrary poles attract each other. 


This is called MAGNET Ie attraction and repulſion. - 

The exiſtence of an elaſtic fluid proves that the particles muſt be 
kept at a diſtance by a repulſive force. The difficulty of mixing many 
fluids, as oil and water, probably ariſes from the repulſion between the 
particles. That metals when diſſolved in fluids ſhould diffuſe them- 
ſelves equally through the fluid, has been ſuppoſed to be owing to a 
repulſive force, which takes place after the particles are ſeparated to a 


certain diſtance. | | 
From the principle of attraction and repulſion Sir I. NEw Ton ac- 


counts for all the phænomena of nature. By the attraction of gravita- 
tion he accounts for the motions of the heavenly bodies; and for the 
Motions between the component particles of bodies by attraction and re- 

pulſion. But why the particles ſhould in fome caſes attract and in others 


repel, he attempts not to explain. See his Optics, Qu. 31. 


LAWS OF MOTION. 


12. Every body perſeveres in its ſtate of reſt or 
uniform motion in a right line, until ſome exter- 
nal force acts upon it. a 


For no effect can be produced without a cauſe, and no cauſe is here 
* to act, the body being ſuppoſed to be void of ſelf motion. 
The force with which a body reſiſts any change, is called its vis 
INER TI. J | 


13. The change of motion is in proportion to 

the force impreſſed, and takes place in the direction 

in which the force acts. | 
The firſt part of this is only meaſuring the effe& by the cauſe, ſup- 


poſed to act for the ſame time; and the ſecond part 15 manifeſt, it bein 
evident that the effect of the force muſt take place in the line in which % 


it acts. | 
14. Action and reaction are equal and contrary. 


The meaning of this is, that when two bodies move in oppaſite di- 


rections and ſtrike each other, they loſe equal quantities of motion in 
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their reſpective directions, meaſurin the motion by the velocity and 
quantity of matter conjointly; and if they move an the ſame direction, 

bo quantity of motion which the ſtriking body loſes in that direction, 
the other gains. Hence the quantity of motion in the ſame direction 
is not altered from the colliſion of bodies. 

This may be proved either directly by experiments, or by aſſuming the 
principle and ſhowing that the theory of the colliſion of bodies agrees 
in all caſes with the experiments. Sir. I. Nx TON eſtabliſhed its truth 
by experiments of the latter kind, by r two elaſtic balls and 
letting one deſcend in a circular arc and firike the other; and by eſti- 
mating the velocity of the ſtriking body before impact and of each 
after, A found the law to obtain. 1 * the PRINCIPIA, Scholium to 


the Laws of Motion. 
Theſe three laws of motion are aſſumed by Sir I. NewTown as the 


fundamental principles of. mechanics; and the theory of all motions 
deduced from them, as principles, being found to agree in all caſes - 
with experiments and obſervations where they can be applied, theſe 


laws are conſidered as mathematically true. 


ON THE „ AND RESOLUTION or 
MOTION, AND THE MECHANICAL POWERS. 


15. If a body be in motion and another body 
be projected from it, the latter body, beſides its 
projectile motion, will retain the motion of the 


former body. 


It was at firſt objected to the earth's motion, that in that caſe a ſtone 
thrown perpendicularly upwards ought not to fall down again in the 
fame place, but to be left behind. But the contrary admits of a very 


ſatisfactory Proof by experiment. 

16. If a body be acted upon by two a im- 
pulſes, or by any two continued forces each f 
which always acts parallel to itſelf, it will not bß 
one of the motions A be hindered by the other B 
from approaching a line parallel to the direction . 


in which B takes place. 
Upon this principle depend the W e of motion n and the doc- | 


jane: of projectiles. 
"7" Ifa body be acted upon by a any two ſingle 
a im- 
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impulſes, it will deſcribe the diagonal of a paralle- 
logram in the ſame time it would have deſcribed 
either ſide, had | the ** acted ſeparately. 


18. If a bores be kept at reſt by three forces, 
and in the directions in which they act lines be 
drawn from the body proportional to them, and 
any two of theſe lines be-completed into a paralle- 
logram, the diagonal will be equal and oppoſite to 
the third line. 


Hence any two forces may be compounded into one which ſhall in 
every reſpect be equivalent to them; and therefore converſely, any ſingle 
force may be reſolved into two in any two directions, by deſcribing 
upon the line repreſenting the ſingle force a parallelogram whoſe ſides 
ſhall lie in the required directions. 


19. When a body is kept at reſt by three forces, 
they will be as the three ſides of a triangle parallel 


to the directions in which they act. 


For they are repreſented by the diagonal and two ſides of the paral- 
lelogram forming a triangle, two of whoſe ſides lie in the direction of 
two of the forces, and the third ſide parallel to the third force, and if 
lines be drawn parallel to theſe directions they will form a fimilar tri- 
angle, and therefore the proportion of the ſides will be the ſame. It 
follows alſo that the three forces will be as the reſpective ſides of a tri- 
angle perpendicular to which they act, becauſe ſuch a triangle will be 
fimilar to the other. The three forces muſt be all directed to the ſame 
point, otherwiſe they will give the body a rotatory motion. 

Cor. Hence the converſe is true, that if a body be ated upon by 
three forces proportional to the three ſides of a triangle apoE to 
which they act, it will be at reſt. 


20. If a body B reſt upon a ſtring, between two 
pullies in an horizontal poſiton, being balanced by 
two equal bodies 4, A hanging on oppolite ſides, 
the diſtance of B from the horizontal line j joining 


the pullies will be = = d being half the 


_ diſtance of the alles. 


ic - 


MECHANICS: * 
I d=12 in. 4=4 02. B=3 0z. the diſtance of B from the hori- 


zontal line = 4,85 in. | 
21. If the power and reſiſtance act perpendi- 
cular to the ſides of a wedge at reſt, they will be 


as the three reſpective ſides, 


This follows from the obſervation to propoſition 19, by ſubſti- 
tuting a triangle for the body, and conceiving the three forces to act 
perpendicular to the three ſides. 

By the reſolution of motion, the effe of any force oblique to a plane 
in a direction perpendicular to it, varies as the force X fin. Incl. there- 
fore if the power P and reſiſtances R, R,, act obliquely to the ſides of 
the wedge at the angles p, , r reſpectively, the back and reſpective 
ſides will be as P X fin. p, R X fin. rand R x ſin. . It is here 
ſuppoſed that the part of the force acting parallel to the fide is all loſt 
on account of the obliquity at which the forces act, which can only 
| Hold upon ſuppoſition that there is no friction. ee Aa. /6 3. | 

When a wedge is driven into a piece of wood, the friction is greater 
than the power neceſſary to preſerve the equilibrium; for. when the 
power ceaſes to act at the back, the friction prevents the reſiſtances 
from driving it out, which they neceſſarily would when the power was 
removed, were it not for the friction. In like manner nails, pegs, &c. 
are retained by friction, for being made tapering, the effect of the re- 
ſiſtance of the wood is to drive them out, | 
In the eſtimation of the proportion of the power to the weight in 
all the mechanic powers, there is ſuppoſed to be an equilibrium be- 
tween them. | 


22. If any two weights balance each other when 
hung upon a ſtraight lever, they will be to each 
other inverſely as their diſtances from the fulcrum. 


Hence when the diſtances are equal the weights are equal, which is 
the caſe with the common ſcales. 

If the arms 4,4, are not of an equal length, the true weight v will be 
a geometrical mean between the weights zz and 2 which will balance it 
when hung firſt on one end and then on the other; for let = 3 1 Pp g | 
4 : n :: ab: ab, hence v = mn and m: :: M: n. Now as a geome- 
trical mean is greater than an arithmetical, half zz + A is greater than 
, conſequently half the ſum of the two weights on a falſe balance 
gives more than the true weight. | 5 

It follows alſo from this prop. that when two men carry a weight 
upon a lever lying on their ſhoulders, that the part which each bears 
15 inverſely as his diſtance from the weight. 
A lever is defined to be an inflexible rod void of gravity and move- 
able about a fulcfum. But as every body has gravity, the lever 2 
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lanced before the weights are applied, ſo that no effe@ but that of the 
weights are to be conſidered. A ſtraight lever is that where the points 
to which the weights are applied and the fulcrum are- in the ſame 
ſtraight line, in which caſe, if the lever be in equilibrio in one poſition, 
it w1ll in all others, and therefore its weight may in all caſes be neg- 
leted. A bent lever mult alſo be fo conſtructed as to be in equilibrio 
in any poſition, otherwiſe its property cannot be experimentally proved ; 
that 1s, by conſtructing the lever ſo that the center of ſuſpenſion may be 
- the center of gravity. A ftraight lever having the forces «wr obliquely 
becomes ſimiliar to a bent lever, fo far as the forces produce an equili- 
brium; for after reſolving each force into two, one in the direction of 
the arm and the other perpendicular to it, the effect of the latter upon 
the arms to balance each other will be the ſame, whether the arms lie 
in the ſame direction from the fulcrum, or form there an angle. | 
Hence it alſo appears, that the effect of a weight upon, a lever to 
turn it about, is as the weight multiplied into its diſtance from the 
fulcrum; for the effects are always equal when theſe products are 
equal, and therefore the effects muſt be meaſured by the products. 
Two equal weights hanging at unequal diſtances from the fulcrum 
will balance, if the velocities with which they move, when put in mo- 
tion, be equal. This is called the MECHANICAL PARADOX, 


23. If the weights act obliquely on the arms 
of a bent lever, they will be inverſely as the perpen- 
diculars from the fulcrum to the lines of direction. 


When the fulcrum is between the power and weight, the lever is 
called of the FirsT kind; if the weight be between the fulcrum and 
power it is ſaid to be of the sEconD kind; and if the power be between 
the weight and fulcrum it is called of the 1HIRD kind. 


24. In a compound lever, the power : the weight 
: product of the lengths of the arms of the levers 


lying on the contrary ſides of the fulcrums to the 
power : product of the lengths of the other arms. 


25. In the wheel and axle, the power : the weight 
:: radius of the axle : radius of the wheel. 


Cor. Hence if there be ſeveral wheels ſo conſtructed, that the peri- 
phery of one may act upon the axle of the other, the power: the 
weight :: the product of the radii of all the axles : the product of the 
radii of all the wheels. | 


26. On the inclined plane, the power : the 
| | weight 
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weight :: the ſine of the plane's inclination : the 
coſine of the angle Which the ſtring going front 


the weight makes with the plane; and the weight 
: the preſſure :: the coſine of the fame angle: the 
{line of the angle between the directions of _ 
power and weight. | 


Cor. 1. Hence the power to fas gain a given weight on a given plane | 


is leaſt, when the ſtring from the weight is parallel to the plane; and 
their ratio is then that of the height: the length of the plane; and the 
weight : the preſſure :: the length : the baſe. 


Cor. 2. When the ſtring from the weight is parallel to the height, | 


the power is equal to the weight, and the preflure vaniſhes. 


Cor. 3. When the ſtring is parallel to the baſe, the power, weight 5 


and preſſure are as the height, baſe and length. 
The preſſure of the weight is here greater than the weight idelf, be- 


cauſe the power preſſes the weight upon the be 


27. In a fixed pulley, the power is equal to the 
weight. 


Although there is here no mechanical advanta ho there is pita i 
e power is applied. 


a conveniency, by altering the direction in whic 


28. If the ſame ſtring go round two ſets of 


pullies in two blocks, the power: the weight :: 
unity: the number of ſtrings at the Iower block. 


In this caſe the lower block cooperates with the weight, by being 
raiſed with it. 


29. If cach the have a 8 ſtring Rad 


to ſomething immoveable above, the power: the 
weight :: unity : that power of 2 whoſe index 1s 


the number of moveable pullies. 


Here all the moveable pullies N with the weight, as they 
tiſe with We 


30. If each pulley 500 8 Pla firing 1 


to the weight, the power: the weight: 1: 2”—1, 
where u is the whole 3 ef the pullies, - g 


* 
* * 
* Wd 1 5 * N a 4 
1 "— r ²˙—˙wm ͥ˙⁰iÄ4o UU 


In 


E 
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In this ſet of puilies, the moveable pullies cooperate with the power 

by deſcending with it. 
Hence in all the caſes of the pullies, the pullies themſelves mutt firſt 

be balanced,” and then the proportion of the power to the weight wall 


be as given in the propoſitions. 


31. In the ſcrew, the power : the weight :: the 
diftance of two contiguous threads in a direction 
parallel to the axis of the ſcrew : the circumference 


- deſcribed by the power. 


In the common ſcrews the friction is generally equal to the power 
at leaſt, for when the power is not applied the weight does not make 
the ſcrew run down. 

In all the above propoſitions n the equilibrium of the power 
and weight, there has been ſuppoſed to be an equilibrium between the 
parts of the machine before the power and weight were applied, and 
no friction to hinder either of them from giving motion to it, ſo that 
when both are applied, the leaſt power added to either will deſtroy the 
equilibrium. In caſes therefore where the friction is conſiderable, and 
its effect cannot be eſtimated, no experimental proof of the propoſition 
can be applied. In machines made of wood, the friction is generally 
eſtimated at one third of the whole weight, that is, that if a power equal 
to one third of the weight applied to the machine could be applied to 
the weight without adding any more friction, it would overcome the 
friction; but as, by adding this power, more friction is added to the 
machine, therefore one third of that power applied muſt be again added 
to overcome the friction occaſioned by that power, and fo on ad infi- 


nitum; hence if V = the whole weight on the machine, 4 W + In 

+ &c. ad inf. = 5 IF the power to be applied to overcome the reſiſt- 

ance. Or if inflead of the ftidzon being f N it we ſuppoſe it 2 y, 
„ ; | | hy 


then — is the power to be applied to overcome it. 5 


32. In a machine compounded of any number 
of mechanic powers, the power is to the weight as 
the ſum of the ratios expreſſing the ratio of the 
power to the weight in each. IEF $2 06 

For example, if a power and weight act upon the arms of a lever, 
and the weight lie upon an inelined plane to Which the ſtring is paral- 
lel, then the power is to the weight in a ratio compounded of the in- 

8 | verſe 


>< 
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verſe ratio of the perpendiculars from the fulerum upon the lines of Ar. 
rection, and of the length of the plane to the height. 

In every machine, by diminiſhing the power we increaſe the time, 
and in the {ame proportion, becauſe the velocity of the, power : the ve- 
locity of the weight (the velocities being eſtimated in the directions 
in which they oppoſe each other) :: the weight: the power... In the 

theory of this ſcience we ſuppole all planes and bodies rfectly ſmooth, - 
levers to have no weight, chords to be perfectly phable ble, and machines 
to have no friction. The allowances to be made for the difference be- 

ween theory and practice from theſe e muſt be determined 


by experiment. 


ON THE CENTER OF GRAVITY... 


Def. The center of gravity is that point in a body or Sith of 
bodies, by which, if it were ſoſp: nded, it would reſt i in any poſition. | 

33. If a ſtraight rod be balanced upon a ful- 
crum, and weights be hung upon each ſide, there 
will be an equilibrium when the ſams of the pro- 
ducts of each weight multiplied into its diſtance 


from the fulcrum on each ſide are equal. 
This appears from obſervation the sth. to prop. 1 


34. If any point be aſſumed in tue rod; the 
diſtance of the center of gravity from that point 
will be equal to the ſum of the products of each 
body multiplied into its diſtance from that point, 
(thoſe products being reckoned negative when the 
bodies lie on the contrary ſide of that point to the 
center of gravity, ) divided by the ſum of the bodies. 


35. The effect of any number of weights ap- 
plied to a lever to turn it about any point, is juſt 
the ſame as if all the weights were collected p 


their common center of gravity. 


For by the laſt obſervation it appears, that the ſum of the products of | 
each body multiplied into its diſtance from any point, is equal to the 
ſum of all the bodies multiplied into the diſtance of their center of 
gravity from that point, and the effect to turn a lever about any point 
15 RO * the __ into its diſtance from _ point; therefore con- 

B 2 | __ 


12 NI e 3. 


ſidering all the bodies as 2 in their center of gravity the effect 
muſt continue the ſame. 


36. Any three bes connected together have 


a center of gravity. 


For the effect of any two is the ſame as if they were Fray in their 
center of gravity, by the laſt; hence, conceive them to be placed there, 
and the center of gravity of that and the third body, is the center of 
gravity of the three. 

Hence therefore any 9a of bodies, however ſituated, 2 a center 
of gravity. 

It follows alſo from the ſame principle that every body has a center 
of gravity; for every body may be conceived to be reſolved into an 

infinite number of corpuſcles, any number of which, however ſituated, 
haye a center of gravity. 

| Hence as the effect of the wholz body is the ſame as if all the matter 
were collected into the center of gravity, we may conceive it to be all 
concentrated into that point, and the effect to produce an equilibrium, 
or to generate motion on a lever, will remain the fame. Hence the 
PLACE of a body is underſtood to be that e where the center of 
gravity 18. 

But although the effect of a body to 8 motion may be the 
ſame as when all the matter is conceived to be concentrated in its center 
of gravity, yet the effect produced will not be the ſame, owing to the 
inertiæ being different. In the doctrine of equilibrium we have only 

weight to conſider, whereas in the dactrine of motion we have to con- 
ſider both the power which gives motion and the reſiſtance of the body 
| from its inertia to oppoſe the communication of that mation. 


37. It a body be ſuſpended by a ſtring and 
drawn from its perpendicular poſition, it il be 
accelerated by a force which 1s as the ſine of its 


angular diſtance from the loweſt point. 


Hence the place of a body being denoted by its center of gravity, 
it follows that when any body is ſuſpended, it cannot reſt till its center 
of gravity comes to the loweſt point, becauſe in any other ſituation it 
will be acted upon by an accelerating fo Hence if a body, or ſyſtem 
of bodies, be not ſuſpended by a 48 t by a fulcrum or axis paſſing 


through ſome point in it which is not the center of gravity, it will 


reſt when the center of gravity is either directly above or below the 
point of ſuſpenſion. 

It is upon this principle that a double cone appears to roll up two 
inclined planes forming an angle with each other and lying in the 
ſame plane; for as it rolls up it ſinks between them, and by that 
means the center of gravity actually keeps deſcencing. To effect this 
mie height of the * muſt be LESS than the main of the baſe of the 

Sone; 
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cone: if the height be EGAL to the radius, the body will reſt in any 
part of it; and if the height be EAT ER than the radius, it will de- 
ſcend. A cylinder may alſo roll up an inclined plane for a ſmall diſtance, 
if it be loaded on one fide with ſomething heavier than itſelf, and that 
ſide be laid towards the top of the plane, for then the center of gravity 
being out of the axis towards that part, it will deſcend whilſt the body 


rolls upwards. 


Upon the ſame principle a body which would fall off a table, will 


not fall off although you hang a weight upon the part which does not 
reſt upon the table, provided you, by that means, throw the center of 
gravity of the whole under the table. © © © or 


its under ſide, by hanging on a body at each end; for by that means 
you throw the center of gravity below the point of ſuſpenſion, and 
then it brings itſelf to its loweſt point, where it reſts. Whereas before 
the bodies were hung on, the center of gravity was above the point of 
ſuſpenſion, and unleſs it had been exactly over it, which it is almoſt 
impoſſible to accompliſh, it would deſcend, and the body muſt fall. 
Hence we have a very eaſy practical method of finding the center of 
gravity of any irregular plane figure. Suſpend jit by any point with 
the plane perpendicular to the horizon, and from the point of ſuſpenſion 
hang a body ſuſpended by a ftring, and draw a line upon the body 
where the ſtring paſſes over; do the ſame for any other point of ſuſ- 
penſion, and where the two lines meet is the center of gravity. For 
the center of gravity being in each line, 1t muſt be at the point where 
they interſect. VVV CC ˙l ARTE 


The direction of the line by which a body at reſt is ſuſpended is the | 


direction in whieh gravity acts, and if a line be ſo drawn from the 
center of gravity of a body, it is commonly called the LINE of r- 
RECTION. | e ; 


38. If a line. be drawn from, any angle of | : 


triangle to biſect the oppoſite ſide, the center of 


gravity of the triangle will be upon that line and 
at the diſtance of two-thirds of 1t from the angle. 


Hence we may find the center of gravity of any rectilinear figure: 
divide it into triangles and find the center of gravity each, and in each 
center of gravity conceive badies to be placed equal in weight to its 
reſpective triangle, or weights proportional to the reſpective areas; and 
then find the center of gravity of all the bodies. 


39. The center of gravity of a parabola lies in 


its axis at the diſtance of three-fourths of it from 
the verten. oled ot ol nar DAS eros 
The center of gravity of bodies in general can be found only by a 


fluxional 


Hence alſo you may eaſily balance a body reſting upon a point on 
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fluxional calculation. In all regular bodies it is manifeſtly in i the point 
which we commonly call the middle. In a cone it is in the axis at the 
diſtance of three-fourths of it from the vertex. In an irregular body 
it may happen that the center of gravity may not fall within the body. 


40. If there be any number of bodies and per- 
bla be drawn from them to any plane, the 
diſtance of the center of gravity of all the bodies 
from that plane, is equal to the ſum of the pro- 
ducts of each body multiplied into its perpendi- 
cular diſtance from the plave: divided by the ſum 


of the bodies. 


Hence by aſſuming three planes and finding the diſtance of the center 
of gravity from each, you determine the center of gravity of the bodies. 

Hence alſo the ſum of the motions of any number of bodies reduced 
to the ſame direction, will be equal to the motion of all the ne 
pred in their center of gravity in the ſame-direftion. | 


41. If a circle be deſcribed: about the center 60 


E gravity of any number of bodies reduced to that 


circle by lines drawn perpendicular to it, then 
the ſum of the products of each body into the 
ſquare of its diſtance from any * of the pe- 

= a tþ 15 the ſame. 


\ 


42. If two bodies move uniformly in two fir aight 


lines, their center of gravity will either be at reſt 


or move uniformly in a ſtraight line. 


43. If a body equal to the ſum of any two 
bodies be placed in their center of gravity, and the 
ſame quantities of motion in the ſame directions be 
communicated to it which are communicated to the 
two bodies, this body will move in the ſame line 


which the center of gravity of the two bodies de- 


ſcribes, and with the ſame velocity. 


G 1. Hence equal and contrary motions communicated % 19 
yitem 
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ſyſtem of bodies will have no effect upon their enter of gravity, for they 
would not diſturb a body equal to the ſum of them all placed in their 
center of gravity. For the ſame reaſon the motion of the center of 
gravity of any number of bodies will not be diſturbed by their colliſion. 

Cor. 2. Hence alſo the center of gravity of a ſyſtem of bodies will 
not be diſturbed by their mutual attractions, as the motions thus com- 
municated are always equal and oppoſite. Hence the center of gravity 
of our ſyſtem of planets is either at reſt or moves on uniformly in a 
ſtraight line. The latter is ſuppoſed by Dr. HERsCcHET to be the 
caſe, from the change which has been ob hn in the relative ſituation 
of ſome of the hxed ftars. | 


44. If one body be at reft an md deſcribe 
any curve, the center of gravity will deſcribe. a 
ſimilar curve. 


45. If a body be * upon an „ 
plane, and the line of direction paſs within the 
baſe, it will ſtand; if it 120 n. the 1 


will fall. 


This is manifeſt from the if. e to prop. 327 for conceiving 
the baſe to be the fulcrum, the center of ns 18 e over it in 


one caſe but not in the other. 
Our own motions are ſubject to this rule, which.a we e elaine 


thinking of it. When a man ftands upright, his center of gravity falls 
between his feet and he is ſupported; but if he lean forward, he throws 
the line of direction without his baſe, and he would fall if he did not 
put forward one of his feet ſo as to cauſe it to fall within. For this 
reaſon, a porter with a load on his back leans forward that the load 
may not throw the line of direction out of his baſe behind. 
Upon this principle alſo it is that a body juſt hung upon the edge 
of a table will not fall off, becauſe part of the body hanging under the 
table, the center of gravity of the whole 1s Ko 


46. If a body be ſet upon an inclined plane, 
the line of direction will fall oblique ta the baſe; 
in this caſe; if the line of direction fall within the 
baſe the body will Aide down the plane without 
tumbling; but if it fall without the baſe, the body 75 
will roll, or partly ſlide and partly roll, according 


as the quantity of friction is greater or leſs. If 
there 
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there were no friction, the body, of whatever 
form, would ſlide without rolling. 


Hence a globe on a perfectly ſmooth inclined plane would ſlide with- 


out rolling; for the force of gravity. can give the body no rotatory 
motion, and as there is no friction there 1s no force which acts out of 


the center of gravity to give it a rotation. 


ON THE COLLISION OF BODIES. 

47. If two nonelaſtic bodies 4 and B move in 
the ſame ſtraight line with velocities x and y, and 
ſtrike cach other, their common velocity after im- 

AxX= By 
pact will be — AD * where the ſign + muſt be 


taken when the bodies move in the ſame dir ection, | 
and — when in oppoſite directions. 


Cor. If A ſtrike B at reſt, the . alter 8 = 35 B | 
This, and the propoſitions reſpecting elaſtic bodies, depend upon the 


third law of motion, that the quantity of motion in the ſame direction 
is not altered by the action of two bodies on each other. When two 


nonelaſtic bodies meet, they act upon each other till they have acquired 


a common velocity, and then they move on together. Moreover, when 
two bodies act thus directly upon each other, their inertiæ muſt be ſimply 
as their velocities and quantities of matter, forthe endeavour of each body 


to oppoſe the communication of motion muſt be ſimply as its reſpec- 


tive motion, becauſe theſe motions act at no mechanical advantage or 
diſadvantage. 

48. If A and B be two perfectly dane bodies 
moving in the ſame direction with the velocities x 
and y, and A ſtrike B, then 4's velocity after im- 


5 „ 
pact will be As | m_— 25 and B's will be 
24 —4 B 

i . —_— 2. If they move in ue direc- 


tions 5 


* Wy” a .4t — II % 


. 
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Ax — Bx—2By 


tions, A's velocity will be 2 and 


Bs will te e 

Mg: AB 
When two perfectly elaſtic bodies meet, they firſt act upon each other 
till they have acquired a common velocity, as in nonelaſtic bodies, and 
then by the endeavour of each body to recover its figure they ſeparate ; 
and when the force with which they ſeparate is equal to the force with 
which they were compreſſed together, they are ſaid to be perfectly 
elaſtic. The time in which the action between the bodies takes place 

is of no conſequence; alſo the effect will be the ſame if only one 2 | 
de elaſtic, for in that caſe they will firſt act upon each other till they 


have acquired a common velocity, as in nonelaſtic bodies, and then the 


force with which the elaſtic body endeavours to reſtore its figure will 


double the action between them, and therefore if the effect of the eom- 
preſſion be the ſame, the effect of their ſeparation muſt alſo be the ſame, 
and conſequently the whole effect will be the ſame. If the force with 
which they ſeparate be leſs than the force with which they are com- 
preſſed together, they are ſaid to be imperfectly elaſtic. 5 
Cor. 1. If A ſtrike B at reſt, or y =o, A's velocity after impact = 
= T 2 and B's = 472 Hence if A=2B, A will be at reſt after 
impact, and B will move with the velocity which 4 had before impact. 
If B be greater than 4, 4's velocity becomes negative, and therefore 


A will be reflected back. If B beleſs than A, Ass velocity will be po- 
ſitive, and therefore A will procede on in the fame direction after 


impact. | | 
Hence if there be any number of bodies of equal magnitude lying 
in the ſame ſtraight line, and the firſt ſtrike the ſecond, all the bodies 


will reſt except the laſt, which will move off with the velocity of the 


firſt before impact. This theory will be found to agree very nearly 
with experiments made with ivory balls, which are nearly perfectly 
elaſtic. If the bodies increaſe in magnitude, each will be reflected 
back, and if they decreaſe, each will go forward after the ſtroke. 

Cor. 2. If I= and they move in the ſame direction, 4's velocity 
after impact , and B's velocity = x, hence the bodies have ex- 
changed velocities and continue to move in the ſame direction. If they 
move in oppoſite directions each will be reflected back, having ex- 
changed velocities. | i 

Cor. 3. If 4 ſtrike an immoveable object, or if Z be infinite and 
y , Ass velocity after impact =— x, or 4 will be reflected back with 
the ſame velocity. | 

Cor. 4. The velocity of 4 minus that of B before impact = the ve- 
locity of B minus that of A after; for B's velocity = 4's after impact, 

| : . © 24x =Ay+ Br— An +Bx 235 
when they move in the ſame direction, is —— 


f 
C | = 
' * ; cnnny 
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_Ax—Ay+Bx=By __ 1+ B x x=p — Dy 7 . 
* a If the bodies move 
in the oppoſite directions, B's velocity — A's = x +, which is the dif- 
ference of the velocities, eſtimated in the ſame direction, before impact. 
Cor. 5. If y and be the velocities of A and B after impact, Ax*+ 
BV =Apz+ Bg. For if the bodies move in the ſame direction, by 


the third law of motion 4x + By Ap + Bg, alſo x = y =q p, hence 


x ＋ p= . a hence A* + ByY=Ap*+ Bgp. If the 
v. AN XK =p BX - 8 5 
bodies move in oppoſite directions, the ſame concluſion follows from 


the ſame principles. 


49. If the bodies be imperfectly elaſtic, and m : 
„:: the force with which they are compreſſed to- 
gether till they acquire a common velocity, or per- 
fect elaſticity, : the force with which they ſeparate, 
or their unperfect elaſticity; then if they move in 
the ſame direction, 4's velocity after impact will 
be , 8 227 and B's will be y + 


nN 2Ax—2Ay YL 
r If they move in oppoſite 


directions, the ſigns of the terms where y enters 


muſt be changed. 


Hence if we have the magnitudes of the bodies A and B, and their 
velocities x and y before impact, and their velocities after, we ſhall 
have two equations from which we can determine the ratio of m : x, 
or the degree of elaſticity of the bodies. The velocities after may be 
found by letting the bodies vibrate through equal arcs and meet at the 
loweſt point, and then meaſuring the arc each deſcribes after impact. 
Since the velocity 1s as the chord of the arc, if we meaſure only the 
chords in their deſcent and aſcent it will give their relative velocities, 
which will be ſufficient. If A ſtrike B at reſt and be equal to it, B's 


velocity after = _ x x; hence 4's velocity before: B's after :: x : 


n +2 
2 m 
deſcribed by B; hence m: 11: 4: 26—4. 


Xx::2m:mSn":: the chord a deſcribed by A: the chord 5 


oN 
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ON THE CENTERS OF PERCUSSION, SPONTANEOUS 
ROTATION, OSCILLATION AND GYRATION OF 


BODIES. 


Def. 1. The center of percuſſon is that point in a body revolving 
about an axis, at which, if it ſtruck an immoveable obſtacle, all its 
motion would be deſtroyed, or it would incline neither wax. 

From this def. it appears, that the point of ſuſpenſion is not affected 
by the ſtro ke. | | RL at 

2. The center of fontaneous rotation is that point which remains at 
2 the inſtant a body is ſtruck, or about which the body begins to re- 
volve. | 

Hence the center of ſpontaneous rotation is the ſame as the center 
of ſuſpenſion correſponding to the center of percuſſion, the center of 
percuſſion being the point where the body is ſtruck. For the action of 
the body againft the immoveable obſtacle in the center of percuſſion 

muſt have the ſame effect upon the body as if the body had been at reſt 
and the obſtacle had ſtruck the body, in which latter caſe the center 
of ſuſpenſion would not be affected, and therefore it becomes the 
center of ſpontaneous rotation. 

3. The center of 9/c://ation is that point in a vibrating body at 
which, if a corpuſcle were ſuſpended, it would vibrate in the ſame time 
the body does. | l | 

4. The center of gyration is that point in a body, into which, if the 
whole quantity of matter were collected, the ſame moving force would 
generate in it the ſame angular velocity. , 


50. If a body revolve about an axis, the effect 
of any particle p to reſiſt, by its inertia, the com- 
munication of motion to any point, 1s as the par- 
ticle multiplied into the ſquare of its diſtance from 
the axis. | | . . Rr ni vn 


For the ,inertia of any particle not acting at any mechanical advan- 
tage or diſadvantage to oppoſe the communication of motion, is as its 
velocity multipſied into its quantity of matter 2, or in this caſe as 
A x p, if be the diſtance of the particle from the axis, the velocity of 
each particle varying as 4. But this inertia acting upon a lever whoſe 
length is 4 in oppoſition to a force acting at any other point, the effect 
of the inertia, by the property of the lever, will be 4 xp. | 


51 If any number of bodies A, B, C, revolve 
about an axis at the reſpective diſtances 4, b, c, 


and x be the diſtance of the center of gyration 
( 2 1 Fe from 


20 en tee. 


; f 5 572 7 2 2 
from the axis, then x = / wy 8 — _ oy = 


For the inertia of A+ B + C placed at the diſtance x from the axis 
is x*X A+ B + C; now as the moving force is the ſame, the ſame an- 
gular velocity will be generated when the inertia is the ſame; hence 


* K IT NT CSA] ATH NBT C, therefore x = 


22 2 2 

tif the axis pals through the center 
43+ C | 

of gravity it is called the principal center of gyration. 5 
If a ſlender rod whoſe length = à revolve about one end, the diſ- 


tance of the center of gyration from that end = a 3 Or if it re- 
3 


volved about its center, and à were equal to half its length, the diſ- 
tance of the center of gyration from the center would be the ſame. 
If a circle revolve in its own plane about its center, or a cylinder about 
its axis, and 1 the radius, the diſtance of the center of gyration from 


| , by | I” 
the center or axis = v "Pe If a globe whoſe radius is r. revolve 
oe 3 ; 
about one of its diameters, the diſtance of the center of gyration from 


3 
the center = 7r HA 
5 


Cor. 1. If a circle be deſcribed about the center of gravity, and any 
point of its periphery be made the axis of rotation, the diſtance from 
it to the center of gyration will remain the ſame, the plane of rotation 
continuing the ſame, This appears from prop. 41. 

Cor. 2. To find what quantity of matter 2 muſt be placed at any 
other diſtance 4 from the axis ſo that the inertia may remain the ſame, 

x? 


we have * C= ANI C, hence = ATI. 


52. If a body vibrate about an axis by the force 
of gravity, the diſtance of the center of oſcillation 
from the axis is equal to the ſum of the products 
of each particle multiplied into the ſquare of its 
diſtance from the axis, divided by the body multi- 
plied into the diſtance of the center of gravity from 
the axis. The center of percuſſion is the ſame as 
the center of oſcillation. 


Let 
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Let LM (fig. 1.) be a plane paſſing through the center of gravity G 
of the body, perpendicular to the axis of vibration, on which the body 
is orthographically projected; O the enter of oſcillation in the line C G 
produced; a, 6, &c. the conſtituent Fartieles of the body thus projected, 
Cm parallel to the horizon, and draw Om, G g, a g, 6 p, &c. perpen- 
dicular to C mn. Now as the angular velocity of each particle of the 
body is not altered by this projection, we have by a X aC* +6 x bC* 
+ &c. = the inertia of the whole body; alſo if O repreſent a particle 
at O, O x OC*= the inertia of that particle. Now it appears from 
prop. 23. that obſ. 5. prop. 22. is true in general, if you aſſume the 
perpendicular diſtances from the fulcrum inftead of the real diſtances; 
therefore axqgC+6b xp C + &c.= the effect of gravity to turn the 
whole body about C, and O N C = the effect of gravity to turn the 
particle O about C. Hence, that the ſame angular velocity may be 
generated in both caſes, the accelerative forces muſt be in proportion 
to the reſpective inertias; that is axqgC+bxpC+Þ&.: Ox: 


axaC+bxbC+&c.:0 x OC, therefore O C. 
5 4 * 10 4 
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The center of oſcillation thus found being independent of the line C , 
ſhows that it is a fixed point for every poſition of the body. Hence if 
a body could have all its matter concentrated in O and be ſuſpended at 
C, it would perform all its vibrations in the ſame time the body does. 
Hence any body L M thus vibrating, may be confidered as a pendy- 
lum whoſe length is C O, fo far as regards the time of vibration. 
The center of oſcillation of a rod, vibrating about one end, is two 
thirds of its length from that end. If a ſphere be ſuſpended at the 
diſtance of d from its center, and r be its radius, the diſtance from the 
center of ſuſpenſion to the center of oſcillation = 4 + Hence if 


a 22 


that diſtance @ be given, and alſo 2, we have 4 == „ 


2 1 


which ſhows that there are two points by which it may be ſuſpended 


to vibrate in the ſame time. When © , or a=r 7 8 here is 
RAE OY L * 
- 3 . 5 * 5 f 
only one value of 4 which r . which gives the point of 
; 2 | 


ſuſpenſion the center of gyration, in which caſe à is the leaſt poſlible, | 


for if à be aſſumed Jeſs, 4 becomes impoſſible. This is agreeable to 
what is ſhown in a ſubſequent note to this prop. Hence we know 4 — 
the diſtance from the ſurface at which it muſt be ſuſpended to make 
the length of the pendulum = a, which is more convenient * 
| ring 


„ 


22 ena se 


ſuring from the center. If à be not very ſmall in compariſon with -, 
we may take 4 = @ without any ſenſible error. The diameter of the 


ball made uſe of in our experiments is 1,6 in. therefore the diſtance of 


the point of ſuſpenſion from the ſurface = a — 0,8 in. 

If a rod in the form L whoſe baſe = 20 in. and perpendicular = 12, 
the perpendicular biſecting the baſe, be ſuſpended at the upper end and 
vibrate in its own plane, the diſtance from the point of ſuſpenſion to 
the center of oſcillation = 13, 21 inches; but if it vibrate perpendicular 
to its plane, the diſtance of the centers = 11,08 inches. If the rod be 
ſuſpended at the diſtance of 6 inches from the top, the diſtance of the 

int of ſuſpenſion from the center of oſcillation will be 12,75 inches 
in the former caſe, and 7,2 inches in the latter. Hence by the laſt ob- 
ſervation the diſtance of the points of ſuſpenſion from the ſurface of the 
ſphere which ſhall vibrate in the ſame times are 12,41; 10,28; 11,95 
and 6,4 inches reſpectively.  _ _ 3 | 

The diſtance of the center of gyration from the axis of motion, is a 
mean proportional between the diſtances of the centers of oſcillation and 
gravity from the ſame axis. 1 | | 

Hence the time of vibration will be the leaſt poſſible when the axis 
paſſes through the principal center of gyration. For if x and a= the 
diſtances from the center of gravity to the centers of ſuſpenſion and gy- 


ration, then x: x + a the length of the pendulum, which 


| x 

is the leaſt when x = a. | | | 
The product of the diſtances of the center of gravity from the axis 
of ſuſpenſion and center of oſcillation is a conſtant quantity for the 
ſame plane of vibration; if therefore the center of oſcillation be made 
the point of ſuſpenſion, the point of ſuſpenſion becomes the center of 


oſcillation. Hence allo it follows, that if upon the plane of vibration 


Taba through the center of gravity of any body, two circles be de- 
ſeribed with the center of gravity as their center and radii equal to the 


diſtances of the center of gravity from the point of ſuſpenſion and center 


of oſcillation, the body ſuſpended from any point in the periphery of 
either circle, will perform its vibration in the fame time. Hence there 
are, an indefinite number of points in the ſame body, by which, if 
the body were ſuſpended, the time of vibration would remain the ſame. 
Hence alſo if the — of ſuſpenſion and center of oſcillation be 

ven in one caſe, and alſo any other point of ſuſpenſion, the center of 
oſcillation will be known, and conſequently the length of the pendu- 
lum, the plane of vibration remaining the ſame. For example, if a 
flender rod 36-inches long be ſuſpended at one end, the diſtance of the 
center of oſcillation will be 24 inches. from it, aad their diſtances 
from the center of gravity 18 and 6 inches reſpectively; hence if 
the ſame rod be ſuſpended 10,39 inches from the center of gravity, 


then will 19.50 = 10,39 inches, be the diſtance from the center 


ol gravity to the center of oſcillation; hence the length of the pendu- 


lum = 20,78 inches. Here the principle center of gyration is the ia, 
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of ſuſpenſion, conſequently the time of vibration is the leaſt poſſible. 
If the rod be ſuſpended 5, 2 inches from the center of gravity, the 
length of the pendulum = 26,17 inches. If it be ſuſpended 3,25 in. 
from the center of gravity, the length of the pendulum = 36,48 in. 

If the ſame body vibrate about an axis at the ſame diſtance from the 
center of gravity but in a different poſition, the time of vibration will 
not be the ſame, unleſs the ſum of the products of each particle x the 
ſquare of its diſtance from the axis remains the fare.  ' 

To find the center of oſcillation of an irregular body ſuſpended at 
any point, hang up a ſimple pendulum, that is a ſmall globe ſuſpended 
by a ſtring, — adjuſt its length till it vibrates in the ſame time the 
body does, and the length of that pendulum is equal to the diſtance of 
the point of ſuſpenſion from the center of oſcillation of the body. Or 
two thirds of the length of a ſlender rod ſuſpended at one end and vi- 
brating in the ſame time, will give the ſame. | 


If a body, inſtead of revolving about a center be made to move 
parallel to itſelf by being conceived to be ſuſpended at an infinite dif 
_ the centers of gravity, oſcillation and percuſſion become the 

53. If a body vibrate, and every particle be 
attracted to a center by a force which varies as 
its diſtance from it, the center of oſcillation will 
be the ſame as when it is acted upon by a 
conſtant force acting in parallel lines. If the 
force vary in any other ratio, the center of oſcil- 
lation will not be the ſame, nor will it continue a 
fixed point for a whole vibration, but will vary as 
the poſition of the body varies. 5 9755 

54. If two bodies p and q hang upon a lever at 
the diſtances m and , and p deſcend, the preſſure - 
2 — 2 

nn 


Let a and c be the diſtances of the centers of oſcillation and gravity 


upon the axis = 


from the center of ſuſpenſion; then as the whole ſyſtem revolves with * 


the fame angular velocity as if the whole quantity of matter p + g were 
placed at the diftance à from the fulcrum, and as the accelerative forces 
are as the velocities generated in a given time, or as the diſtances from 


the fulcrum, we have a:c::þ +9: PLL the force with which the 


Center 


24 C e . 


. x: 5 mp—ng 8 3 
eenter of gravity deſcends, and which = D becauſe a = 


bd de l bur the force with which the center of 
gravity deſcends is that by which the preſſure upon the axis is dimi- 


— 2 
mp — ng — 


niſhed; hence the preſſure upon the axis = 3 + g —, 


— Þ mp + ng 
m ＋ u 
ap + q 21 
Cor. If n, the preſſure => If p=4 0z. 9= 3 oz. the preſ- 


ſure = 6 0z. 17 drs. 3 grs. 


ON. THE MOTION OF BODIES ACTED UPON BY 
UNIFORMLY ACCELERATING FORCES. 


Def. A force is ſaid to be uniformly accelerating, when the quantity 
of acceleration continues to be the ſame in the fame time, or when 


equal increments of velocity are generated in equal times, | 
| 56. If a body move uniformly with the velocity 
for the time 7, the ſpace deſcribed = TJ. 


In mechanics we meaſure the velocity by the ſpace which a body de- 
{cribes in one ſecond, ſuppoſing the velocity to be continued uniform 
for that time; alſo the time is eſtimated in ſeconds, and the ſpace in 
feet. Hence, as the ſpaces muſt be in proportion to the times when 
the velocity is uniform, 1” :7"::/:T / the ſpace deſcribed. It may 
perhaps appear to be improper to multiply time and velocity, two he- 
terogeneous quantities, together; but it muſt be obſerved, that , in the 
expreſlion T /, is an abſtract number, being the quotient of 7” divided 
by 1”; the abſtract number therefore by which is multiplied is always 
the ſame as that which denotes the number of ſeconds in the given time. 

A quantity is ſaid to be given when it continues the ſame whilſt the 
other quantities with which it is connected vary. Thus, if the time 
remain the ſame whilſt the velocity varies, or if two bodies move with 
different uniform velocities for the ſame time, the time is ſaid to be 
given, and the ſpaces will be in proportion to the velocities. 


56. The ſpace deſcribed in the laſt propoſition 
may be repreſented by the area of a right angled 
parellelogram, one of whoſe ſides repreſents the 


time and the other the velocity. 
| | For 
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For its area is equal to the product of one ſide x into the other. 


hy, * 


57. If the force of gravity be denoted by unity, 
and F be any other uniformly accelerative force 
compared with it, alſo if v be the velocity gene- 
rated by gravity in one ſecond, and Y be the velo- 
city generated by the force F in the time T, then 
V = F Vv. 


For by the ſame force the velocity generated muſt be as the-time, 
equal velocities being generated in equal times, hence 1”: T:: : To 
the velocity generated by gravity in the time T. Alfo for the fame 
time the velocity generated mult evidently be as the force, hence 1 
(grav.): F:: T: = FTv. Here Fand T become abſtract num- 
bers, being equal to the quotients of force divided by force, and time 


by time. Hence as v is given, / varies as FT. 


58, The accelerative force of a body varies as 
the moving force directly and the quantity of mat- 
ter to be moved inverſely. 


For the moving force is in proportion to the quantity of motion 
generated by it in a given time, or as the velocity x the quantity 
of matter; therefore the moving force divided by the quantity of mat. 
ter varies as the velocity, which varies as the accelerative force, when 
the time 1s given, by the lait prop. WO; 
All bodies deſcend with equal velocities by the force of gravity, and 
therefore the moving force muſt be in proportion to the quantity of 
matter, for to make twice the quantity of matter deſcend with the ſame 
velocity, twice the force muſt manifeſtly be applied. We may there- 
fore here eſtimate the moving force by the quantity of matter to be 
moved, and make the accelerative force of gravity unity; and then any 
other accelerative force may be compared with it, hy meaſuring tha 
force of a body by its quantity of matter when it hangs freely dowu, 
or by its quantity of matter, when it moves in any other direction, mul- 
tiplied into the force of gravity in that direction, becauſe the body 
mult have a leſs force in any other direction as gravity in that direc- 
tion is leſs. If two bodies P and Q, P being the greateſt, hang over 
a pulley, the moving force is P- 2. that being the quantity which 
gives motion to the bodies; but this moving force has both bodies to 
move, and therefore muſt mave them with leſs velacity, that is, leſa 
accelerate them, or the accelerative force will be leſs, the greater the 
bodies are, or the accelerative force will, from this cauſe only, be in- 
verſely as P+2, But it is manifeſt that a greater moving force muſt, 
cteris paribus, give a proportionabiy greater acceleration, Hence the 


whole 
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whole accelerative Wee — 2 
= +2 


for if Q = o, P falls freely by gravity, and the accelerative force be- 
comes unity. 


In this caſe the force of gravity =1; 


59. If a body fall from a ſtate of reſt and be 
acted upon by any uniformly accelerative force F, 
and T be the time of its acting, the velocity ac- 
quired at the end of that time, and 5 the pace, 
then $S varies as TXV, or as FxT2; alſo J varies 
as Fx S. oh, 


Here F and T are to be conſidered as abſtract numbers, as explained 
in prop. 57. 

Dor. 1 "if F be given, that 1s, if bodies fall and be acted upon by 
the ſame uniformly accelerating force, then & varies as Te, and alſo 
as Va. Hence if we take a ſucceſſion of times as 1, 2, 3, 4, 5, 6, &c. 
the ſpaces will be as 1, 4, 9, 16, 25, 36, &c. conſequently the ſpaces 
_ deſcribed in the equal ſucceſſive portions of time will be as the odd 

numbers 1, 3, 5, 7, 9, &c. 
Cor. 2. If the time be given, the ſpace varies as the force, or as the 
velocity generated. 


60. I a body fall from a ſtate of reſt and be 
acted upon by an uniformly accelerative force, 
and in deſcending through the ſpace S in the time 
T it acquire a velocity V, the body with the laſt 
acquir ed velocity V continued uniform for the 
time T would paſs over the ſpace 285. 


In our latitude, a heavy body is found by experiment to deſcend 16/7; 
feet in the firſt ſecond, hence the velocity acquired in that time is 325 
feet in a ſecond. All bodies would fall with the ſame velocity,were 1 it 
not for the reſiſtance of the air, for in an exhauſted receiver, a guinea 
and a feather fall from the top to the bottom in the ſame time. Hence 
the force of gravity acts equally upon every kind af matter. 


61. If a body fall freely by the force of gravity 
through the ſpace 5, and T be the time of deſcent 
and / the velocity acquired, alſo m= 10 feet; 

apt; Mags | e 
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then 1 S = n-; 2%, T= * af: Fn ap 
: bp Bi: W 4m” 


4". V=v4msS; 5 . V=2mT, and 6, T= 
* n 


1 


62. If a body fall freely by any other force F 
compared with gravity repreſented by unity, then 
„„ Fa + 7 | 
S = AH, Van FS and T —— 


2 F 


. 6 3. If M repreſent the moving force, eſtimated 
as explained in prop. 58. and Q the quantity of 
matter to be moved, then F FE hence by the 


MM „ tO. 
laſt prop. S x mT?, YV'=,/ 5 —» and T 


| | a | | Os | _ 
2 n NH ede 

Cor. 1. If two bodies P and ON hang over a pulley, of which P is 

the greateſt, then P—2 is the moving force, and P Lethe quantity - 


of matter to be moved; hence S = 2 mn Tz. But we have not 
here taken inte conſideration the quantity of matter in the pulley to be 
moved; now as the pulley has a rotatory motion, the different parts of 
which move with different velocities from that of P and O, except its 
circumference, we muſt not add the quantity of matter in the pulley - | 
to P + 2 in order to get the whole inertia, but we muſt compute by 
prop. 51. cor. 2. what quantity of matter 9? placed in the circum- 
ference will retard jaſt as much as the whole pulley; and then 


S = _— =. x nT*;allo / = HEL —, and 72 
2200 A 
VxP+2+q =: | 


D 2 
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I the body be irregular, g cannot be computed, but may be thus 
determined by experiment. With two given weights P, 2, obſerve 
the ſpace & deſcribed in any time 7, and then 9 = on 72 wy 5 


To take away all reſiſtance, as far as poſſible, the axis of the wheel 
over which P and Q hang, ſhould lie upon friction wheels, by which 
the friction becomes inſenſible, and the experiments will anſwer to the 
theory without any ſenſible difference. | | 

By a variety of experiments to determine the inertia of the friction 
wheels made uſe of in our experiments, it appears that q = 2,75 O:. troy, 
The machine for theſe experiments was invented by Mr. ATwoodp, 
and is moſt admirably adapted to the purpoſes for which it was in- 
tended, as the whole theory of uniformly accelerating and retarding 
forces may be proved by it, as the author himſelf has ſhown in his 
Theory of rectilinear and rotatory Motion of Bodies, and in his excellent 
Analy/is of a Courſe of Lectures on the Principles of Natural Philoſophy, 
read at Cambridge. By altering the value of P, 2, & and 7, and by 
ſuppoſing ſome given whilſt the others vary, the truth of all the prin- 
ciples may be experimentally proved. And by taking off weight from 
P as it aſcends till it becomes leſs than 2, the motion at that inſtant 
becomes retarded; and from thence every thing relating to uniformly re- 

tarding forces may be proved. If in the deicent of P, ſo much weight 
be taken from it as to leave it equal to 2, the bodies go on without 
any acceleration, and 1t appears that they .then deſcribe twice the 
ſpace which they had before deſcribed in the ſame time. GarL1Leo, 
who. firſt gave the theory of uniformly accelerating forces, proved 
the general law, that the ſpaces vary as the ſquares of the times, by 
letting bodies deſcend upon inclined planes. But on account of the 
friction of the planes he could not apply the method to the abſolute 

uantities of ipace, time and velocity, nor to the caſe where the moving 
* and the quantity of matter to be moved are different. 

Cor 2. If Q lie on an horizontal plane, the moving force is P only, 


and hence S = 5 - 3 * m 7, neglecting the inertia of the pulley over 


which the ſtring runs. 1 
Cor. 3. If P hang freely down, and 2 he upon an inclined plane 
with the ſtring parallel to it, then if the height of the plane be to its 


length :: r : 3, the force of Qs deſcent = =; and if P draw 2 up, the 


2.— ee hence n mT* 
Wo 5 0 | XP 
neglecting the inertia of the pulley. 

64. If a body deſcend down an inclined plane, 
the accelerative force: the force of gravity :: the 
height 


moving force = Þ — 


— 
4. 
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height H: the length L, or, as radius: the RPO 


of the plane's inclination. 


Cor. 1. Hence as the force of gravity is conſtant at the ſame ow. 
the accelerative force varies as the height of the plane directly and 
length inverſely, and therefore is uniform for the ſame plane. | 

Cor. 2. If we denote the force of gravity of a body by its weight 


V, its accelerative force upon the plane = 7 x I. 


65. If a body deſcend down an inclined plane 
without friction, the velocity acquired is the fame 
as that down the height. : 


Hence the velocities down all planes of the ſame height are . 
and vary as the aue roots of the heights. 


66. If a body could deſcend without friction 
down ſeveral inclined planes connected together, 
and loſe no motion in going from one to another, 
the velocity acquired would be the ſame as that 
down the height of the whole ſyſtem. 


67. When a body deſcends from one 9 
plane to another, the velocity 1s diminiſhed in the 
ratio of radius: the coſine of the angle between 


the directions of the planes. 


68. If a body deſcend without friction down 
any curve, the velocity is the ſame as that Which 


would be acquired down its altitude. 


Hence if a body deſcend in any curve, it will aſcend to the ſame 


altitude in whatever curve it may riſe. 
Hence when a body is ſuſpended by a ſtring and made to vibrate in 


any curve, the velocity is that which is acquired in 2" down the 
| abe, there being no friction to retard it. | 


69. If a body deſcend down an inclined plane, 


£7 
the time varies as 5 5 


Cor: 
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Cor. Hence when Il is given, or two inclined planes have the ſame 
height, the time varies as the length. Hence the time down the length 
: the time down the height:: L: I; but by prop. 6r. the time down H 


: 7. ö 7 
is equal to —, hence the time down L = 3 
is eq SS ence the ti 8 9 2 


70. If the diameter of a cirele be perpendicular 
to the horizon, and chords be drawn from either 
extremity, the times of deſcent down all the chords 
are equal, and the velocities and accelerative forces 
will be as the lengths of the chords. | 


71. The times down ſimilar ſyſtems of inclined 
planes, ſimilarly fituated, vary as the ſquare roots 
of their lengths, ſuppoſing there be no friction, 


nor any motion loft at the angles. 


Cor. Hence as a curve may be conſidered as the limit to which a 
rectilinear figure approaches by diminiſhing the length of its ſides and 
inclination to each other /ne limite, the times down ſimilar curves vary 


as the ſquare roots of their lengths. | 
Thus far we have conſidered the motion of bodies ated upon by 


conſtant accelerative forces; the next propoſition contains the general 
principles of motion when the forces are variable. 


72. If a body deſcend in any line by any con- 
ſtant or variable force F compared with gravity 
repreſented by unity, x = the ſpace deſcribed, v 
the velocity, t the time, and zz = 16.7 feet, then 


9) i 


VU 
*. vo varies as = F. Now by prop. 61. v* = 4m: by gravity, hence 
D A2 mn⁰α, N O: IN:: 2 : 1; but vw is in a conſtant 
ratio to = Fx; hence if we conſider 1 as the force of gravity, that 
ratio is 2 %: 1; henceww: & Fx :: 2m: 1, conſequently 04 = 


2m Fa. The ſign + muſt be uſed when wand x increaſe or decreaſe 


together, and — on the contrary. | „ 
Alſo as v denotes the ſpace deſcribed; uniformly in 1“, and + is de- 


. ſeribed with the ſame velocity in the time 7; .*., as the velocity is given, 


33 
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. s 2 * ; ; 7 
v: 1“: K f Sy where 4 muſt be uſed when? and x in- 


creaſe or decreaſe together, and — on the contrary. 


73. If a body deſcend from reſt in a right line 


towards a center of force, and x be the diſtance 


from that center; and if at the diſtance d the force 


c compared with gravity repreſented by unity, 
then, if the force vary as the . power of the 


Cx 
diſtance, d': :: c: 7 the force at the diſtance 


2 m α — 416 


XxX; hence VY=— N a = XxX x2+1. 


vac 


== . at x Allo S 


V 


———, Whole fluens 
X V% — * 


{ 4mc 
WF; + 1x4" 
which cannot be expreſſed in general, properly | 
corrected, gives t. 


[ 


D 


ON THE VIBRATION OF PENDULUMS IN THE ARCS 


* 


— — 
— 


OF CIRCLES AND CYCLOIDS, AND THEIR Mo- 


TIONS IN co T SURFACES. 


74- If a pendulum vibrate in the arc of 2 
it is accelerated by a force which is to the force of 
gravity, 
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gravity, as the fine of its angular diſtance from the 


loweſt point to radius. 


Cor. Hence in the ſame pendulum, the accelerative force is as the 
line of its diſtance from the loweſt point. | 


7 5. If a pendulum vibrate in a circular arc, the 
longer the vibration is the longer will be the time. 


It will appear for prop. 81. and cor. prop. $4. that if the accele- 
rating force varies as the diſtance from the loweſt point, all the vibra- 
tions will be performed in the ſame time; but here the accelerating 
force varies in a leſs ratio, for the ſine varies ſlower than the arc; 
hence by increaſing the arc the force does not increaſe faſt enough to 
make all the vibrations equal, and therefore the greater arcs having 
too ſmall a force for that purpoſe, they will be deſcribed in greater 


times. | a 
In very ſmall arcs, where the ſine and arc are very nearly equal, all 


the vibrations, as to ſenſe, will be performed in the ſame time. 


76. The times in which different pendulums 
perform vibrations in ſimilar arcs of circles are as 


the ſquare roots of their lengths. 


For by cor. prop. 71. the times vary as the ſquare roots of the arcs, 
and the arcs are as the radi. 


As the length of the pendulum 1s denoted by the diftance from the 
point of ſuſpenſion to the center of oſcillation, the arc deſcribed by the 
pendulum is always underſtood to be the arc deſcribed by its center of 
- oſcillation,” | ns 

77. If a pendulum hang at reſt and a body 
ſtrike it, then having given the quantity of matter 
in the ſtriking body and in the pendulum, alſo 
the point of impact of the pendulum, and the cir- 
cular arc which it deſcribes, the velocity of the 
ſtriking body may be found. 

Let x be the diftance from the point of ſuſpenſiqn to the center of 
gyration of the pendulum, 4 the diſtance from the point of ſuſpenſion 
to the point of impact, z the quantity of matter in the pendulum, 17 
the quantity of matter in the body, w = the velocity communicated to 
the point ſtrucx, / = the velocity of the body, then by cor. 2. prop. 

| N 
51. if a quantity of matter n X 8 be placed at the point of impact. 


oY 


dns 2.7 4 3 Oh. Fee * 
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the ſame angular velocity will be generated ; hence by the rule for the 
colliſion of nonelaſtic bodies, M n x 


2 M:: V: v, hence V = 


v Md* + umax* 


of oſcillation of the pendulum deſcribes in its aſcent after impact, and 
find its verſed-fine , then the velocity of the center of oſcillation at 


the loweſt point = 4/47 by prop. 61. the velocity down the verſed- 


ſine being the ſame as that in the arc by prop. 68. Now let & be the diſ. 


tance from the point of ſuſpenſion to the center of oſcillation, then 5: 
& 5: nr 5 5 CUE. In this manner Mr. Rozins determined 


the initial velocity of balls fired from a gun, To the bottom of the 
pendulum a ribband was fixed which paſſed between two ſteel edges 


preſſing againſt each other, ſo that the length of the ribband drawn 


out gave the chord of the arc deſcribed. 


78. The force of gravity is exerted upon every 


body in proportion to its quantity of matter. 


For bodies of different quantities of matter deſcribe the ſame arc in 
the ſame time, and therefore the greater the quantity of matter the 
greater muſt be the force exerted upon it in the {ame proportion. 
Weight alſo being the effect of attraction as the cauſe, mult be a 
relative quantity, the fame body weighing differently on different parts 
of the earth according as the attraction varies, | 


LEM. If vg the velocity of a body revolving in a circle whoſe ra. 
dius Sr, and the force of gravity be repreſented by 325 feet, the cen. 


trifugal force of the body in the circle = — 


For conceive a body to revolve about the earthat its ſurface, then its cen- 
tripetal force, or the force of gravity at the earth's ſurface, is equal to its 


centrifugal force. Hence by Sir I. NEwToN's PRINCIPIA Lib. I. ſect.2. 


prop. 4. cor. 1. If R = the radius of the earth, and / = the velocity of a 


; LV 
body revolving at its ſurface, the force of gravity : F * the centri · 


petal, and conſequently the centrifugal, force of the body revolving in 


i . : ET Je - : 
the circle whoſe radius = r with the velocity v: —1 but Þ = 327 feet, 


hence if the firſt term be made equal to the ſecond, the third will be 
equal to the fourth. | A 


* — To 


—. Now to determine v, obſerve what arc the center 
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circle Cm Dy, then by the lem. „ = the centrifugal force; hence — : 
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79. To find the time in which a pendulum de- 
{cribes a conical ſurface C4 D. | 
Let AB (fig. 2.) be the altitude, produce BC to e, and let Ce re- 
reſent the centrifugal force by which the pendulum endeavours to re- 
cede from B; draw CF perpendicular to the horizon, and let it repre- 
ſent the force of gravity; compound theſe forces into C g, which we 
will ſuppoſe to lie in the direction CA, and then the pendulum will 
manifeſtly be kept in that poſition. Put = 32353 feet, and let it re- 
preſent the force of gravity, v = the velocity of the pendulum in the 
9 2 3 
19 C 
n : Ce: Cf: CB: 1 conſequently v = B C x 2 the ve. 
locity of the pendulum in a ſecond. Put p = 6,283 &c. thenp x ZC 
— the circumference of the circle C Dx; hence BC * Wi we”: þ 
| e | | AB 


. WV 8 the time of deſcribing the conical ſurface. 
1 ; „ {AB 44A 

Cor. 1. Hence the time of a revolution 2 X — 8 —; —— 
. : mM M 
the time of deſcent through 2 4B :: P: 2 :: the circumference of a 
circle: its diameter. | 

Cor. 2. Hence if the altitude be given, the time of a revolution will 
be given. If 4B =9,735 in. the ame of a revolution 1”. 

Cor. 3. Hence if the angle CA be indefinitely ſmall, the time of 
deſcribing the conical ſurface is equal to twice the time in which the 

endulum would vibrate through the diameter CD. | 
If in this caſe CA = 3, 245 feet, the time of revolution = 2”. 


n F 2 M | . 
If a circle roll upon a ſtraight line, any point of its periphery will 
deſcribe a curve called a cycloid. _ 8 
Lem. 1. If a circle be deſcribed upon the axis of a cycloid, and an 
ordinate be drawn from the axis parallel to the baſe, the part of the 
ordinate intercepted between the circle and cycloid will be equal to 
the chord of the circle drawn from the point where the ordinate cuts 
the circle to the vertex. | 1 | 
2. The abovementioned chord of the circle is parallel to a tangent 
to the cycloid at the point where the ordinate meets it. | 
3. The cycloidal arc intercepted between the vertex and the point 
where the ordinate meets it, 15 double to the chord of the circle men- 


tioned in lem. 1. 


fo. If two equal ſemicycloids be joined at their 


baſe 
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baſe 80 have their vertices downwards and axes 
vertical, and a pendulum equal to the length of 
one of them be ſuſpended from the point where 
they touch and vibrate between them, it will de- 


ſcribe a cycloid. 


Mr. ATwood, in his Syllabus of a Courſe of Lectures read in this 
Univerſity, obſerves, that this is true only upon ſuppoſition that th 
whole maſs of the pendulum is concentrated in a point, for it can- 
not otherwiſe take place, becauſe as the ſtring varies in its length the 
center of oſcillation of a body of any magnitude will vary. The pro- 


perty therefore of a pendulum thus vibrating, that it performs all its 


vibrations in the ſame time, is not true, and therefore it cannot be fo 


far a true meaſure of time. Pendulums therefore vibrating in circular 


arcs are now always uſed, for the ſame arcs will always be deſcribed 
in the ſame time. One principal ſource of error in a pendulum thus 
' vibrating is, that the different temperatures of the air will alter the 
length of the pendulum. To prevent this, Mr. Ha RRITISOx invented a 
pendulum compoſed of rods of iron and braſs fo framed together, that 


the braſs expands upwards whilſt the iron expands downwards, and 


by thus counteracting each other, the length of the pendulum is pre- 
ſerved very nearly the ſame in all temperatures,, Different methods 
have alſo been invented to anſwer the ſame purpoſe. 


81. If a pendulum deſcribe any arc of a cycloid, 


its velocity at any point varies as the right fine of 
a circular arc, whoſe diameter is the arc of the 


cycloid deſer ibed, and verſed-ſine the ſpace PO 
over. 


82. The accom force of a pendulum vi- 
brating in a cycloid varies as the arc of its dil 
tance from the loweſt point. 


83. The time in which a pendulum vibrates in a 


rycloid : the time a body would deſcend down the 


axis :: the circumference of a circle : its diameter. 
84. If L be, the length of a pendulum, and F 


the 8 of gravity, the time of vibration varies 


as 35 


E 2 | | Cor. 
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Cor. Hence all the vibrations in the ſame cycloid are performed in 
the ſame time. ; 

In our latitude a pendulum 39,2 inches long is found to vibrate in 
one ſecond; hence if the force be given, as it will be for the ſame lati- 


5 . 7 | 
tude, we have 3: L.: 1: 27 5 the time of vibra- 
tion of a pendulum whoſe length is L, L being taken in inches. If 
gravity be repreſented by unity, and F repreſent any other force acting 


| . 5 | ET 
322 3 
on the pendulum, then wy” - WE N Þ © a —F 
the time of vibration. This may be applied to compare the vibrations 
of pendulums on different planets, F being taken to repreſent the re- 
ſpective forces of gravity on their ſurfaces. At the diſtance of z radii 


I | 3 | 8 
from the earth's ſurface F —= > and T=n, -; and at the dif. 
EX 39,2 


4 I £ £ o o » 1 N > 4 . . | 
tance of — of the radius within, F, and T = WA Hence if 
2 8 239,2 5 


n be infinite, or „o, T is infinite; for in this caſe, as the point of ſuſ- 


penſion is at the center of the earth, the direction of gravity is in the 
direction of the pendulum, and therefore if the pendulum be made te 
vibrate it muſt continue to revolve in a circle. ö 


8 5. If L be the length of a pendulum, and D: 
C:: the circumference of a circle : its diameter, 
then the ſpace S through which a body falls in 
the time of vibration: the time down L:: C2 
. 
Hence if $ be given Z will be known, and if L be given & will be 


known. 
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ON THE MOTION OF PROJECTILES» 


86. If the force of gravity were conſtant and 
acted in parallel lines, and there were no reſiſtance 
from the air, a body thrown in any direction 
would deſcribe a parabola, | 


— ̃ — 
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From the ſmall diſtances to which we can project bodies upon the 
earth's ſnrface, the want of an uniform gravity, and its not acting in 
parallel lines, will not ſenſibly cauſe the motion of the body to deviate 
from a parabola; but the reſiſtance of the air is ſo great, particularly 
in ſwift motions, the reſiſtance varying as the ſquare of the velocity, 

and ſometimes in a greater ratio, that no practical concluſions can be 
drawn from this theory. ; „ 


87. The velocity / in any point of the para- 
bola is that which would be acquired by a body 
falling down - of the latus rectum L belonging 
to that point. 5 „„ 

Cor. Hence if 1 . 167; feet, / S VVul, and the time of a body's 
deſcent down L=*. Hence alſo / varies as „L. As gravity acts 


in parallel lines perpendicular to the horizon, the horizontal velocity 
of a body would not be altered if there were no reſiſtance of the air, 
and hence a body in any part of its motion would ſtrike an obje& per- 
pendicular to the horizon with the ſame force. 


88. If a body be thrown in any direction, its 
amplitude upon an horizontal plane varies as the 
fine of double the angle of elevetion, its altitude 
varies as the verſed-ſine of double the angle of 
elevation, and the time of flight varies as the fine 
of the angle of elevation. 

89. If v be the velocity of projection, m=16_. 
feet, s = the ſine, » = the verſed-ſine of double 
the angle of elevation, = the fine of the angle of 
elevation to radius unity, a= the amplitude on 
an horizontal plane, the altitude, x the time 
| | 2 2 : 
of flight; then will a=="=-, 5== 3 ad 
| 2 1 8 n m 
Hence the amplitude is the greateſt at the angle of 450 and==— , or 
47; 
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21; and the amplitudes are equal at angles equally above and below 
45% This would be the caſe if there were no refiſtance from the air, 
but on account of that, the greateſt ranges are at an angle leſs than 45% 


90. If a body be projected upon an inclined 
plane, the coſine of whoſe inclination is , 7 and 
s ==the fines of the angles which the direction 
makes with the plane and zenith, v == the velocity 
of projection, a==the amplitude, h=the altitude, 

FIDE mut 


the time of flight; then 13 3 == anon? 


YU 


EE Pa 
| MW 

We have before obſerved, that in very quick motions the theory and 
practice will differ very much. Mr. RoB1xs obſerves, that a 24 pound 
ſhot, impelled with its uſual charge of powder, meets with an oppoſition 
from the air equivalent to 400 lb. which retards the motion ſo much, 
that the range at an elevation of 459 would not be above + of that 
given by theory. And by experiments made with a wooden bullet 
fired at 450, he found the range to be only 200 yards, whereas, without 
any reſiſtance, it would have gone 15000 yards. Mr. RoBINS alſo 
found that very little advantage was gained by projecting a body with 
a greater velocity than 1200 feet in a ſecond. He found that a 24 lb. 
ſhot, when diſcharged with a velocity of 2900 feet in a ſecond, will be 
reduced to 1200 feet in a ſecond in a flight of a little more than 500 
yards. In conſequence of this quick deſtruction of velocity, he found 
that a leſs projectile velocity at the ſame angle might carry a ball fur- 
ther than a greater; for the body projected with the greater velocity, 
when its velocity becomes equal to that of the other projection, has a 
leſs angle of elevation, on which account it may go to a leſs diſtance 
from thence, ſo as to make the whole diſtance leſs. No gun to carry 
far ſhould be charged with powder whoſe weight is more than Z or? 
of the weight of the ball, for that will give field pieces a velocity of 
1200 feet in a ſecond. In a battering piece, to fire at a near object, 
the charge ſhould be about ; of the weight of the ball. When the ve- 
locity of the body is greater than about 1100 or 1200 feet in a ſecond, 
the reſiſtance appears to be nearly 3 times greater than it ought, if it 
varied only as the ſquare of the velocity. On this Mr. RoBINs makes 
the following curious remark. © The velocity at which the variation of 
the law of reſiſtance takes place, is nearly the ſame as that with which 
ſound moves. Indeed if the treble reſiſtance in the greater velocities 


is owing to a vacuum being left behind the reſiſted body, it is not un- 
| | reaſonable 
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reaſonable to ſuppoſe, that the celerity of ſound is the very leaſt de- 
gree of celerity with which a projectile can form this vacuum, and can 
in ſome ſort avoid the preſſure of the atmoſphere on its hinder parts, 
It may perhaps confirm this conjecture to obſve, that if a bullet, 
moving with the velocity of ſound, does really leave a vacuum behind 
it, the preſſure of the atmoſphere on its fore part is a force about 3 
times as great as its reſiſtance, computed by the laws obſerved for flow 


motions.” Now we. may here obſerve, that, taking with Mr. CorTzs 


the height of an homogeneous atmoſphere 29254 feet, if we ſuppoſe 
the velocity with which the air would ruſh into a vacuum, is, like 


other fluids, that which is acquired by falling through the whole height 


29254 feet of an uniform atmoſphere, that velocity will be found to 
be 1308 feet in a ſecond, which differs but a little from that ſuppoſed 
by Mr. RoBins. That bodies are therefore reſiſted in air as the 
ſquares of their velocities is not true, if the velocity be greater than 
about 1200 feet in a ſecond; after that the reſiſtance is almoſt 3 times 
greater than this law gives it. 


91. If a body be projected, and has a rotatory 


motion about an axis perpendicular to the horizon, 


it will deviate from a plane perpendicular to the 


horizon. 'F , 


Mr. Ro I Ns was the firſt who confirmed this by experiment. Balls from 
guns are frequently found to deviate to the right or left of the direc- 
tion of projection. Rifle barrels are therefore uſed to prevent this effect. 
For the deflecting power is found to act on that fide where the rota- 
tory and progreſſive motions conſpire. Now in rifle barrels, the axis 
of the ball's motion lies in the plane of projection, therefore the rota- 
tory motion being perpendicular to the progreſſive motion, no effect 
is produced. But in every other poſition of the axis there muſt he a 
deflection, and ſo much the greater by how much the more the axis 
deviates from the plane of projection towards the horizon. 


ON THE MOTION OF BODIES AFFECTCD BY - 
og FRIZTION. | 


92. If one hard body move upon another, its 


friction will be an uniformly retarding force. 


For if a body be drawn upon an horizontal plane by another hang- 


ing perpendicularly, the ſpaces appear to vary as the ſquares of the 


times, therefore the accelerative force muſt be uniform. Now without 


friction the acceleration would be uniform, and as it appears to be uni- 


form with it, the difference, or retardation from the friction muſt be 


uniform. 


= 


* 
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If the body be covered with cloth, woollen, &c. it appears that the 
reſiſtance increaſes with the velocity, as the ſpace increaſes in a much 


leſs ratio than the ſquare of the time. 


93. If M=the moving force of the body hang- 
ing perpendicularly, expreſſed by its weight, F 
the friction conſidered as equivalent to a weight 
without inertia drawing the body back upon the 
horizontal plane, M the weight of the body 
upon the plane, $= the ſpace deſcribed by M in 
F ſeconds, and n 16 feet; then by prop. 63. 


M—F M 
2s hence F'= M — r. 


94. The quantity of friction increaſes in a leſs 
ratio than the weight of the body. 


If we increaſe M and in the ſame ratio, then if F increaſed in 
the ſame ratio, the ſame ſpace would be deſcribed in the ſame time; 
but by thus increaſing M and V, it appears by experiment that S is 
increaſed in the ſame time, therefore F muſt have increaſed in a leſs 


ratio than M and V. 


95. The friction of a body does not continue 
the ſame when it has different ſurfaces applied to 
the plane on which it moves, but the ſmalleſt ſur- 


face will have the leaſt friction. 


For in the ſame time with the ſame moving force, the body de- 
ſcribes the greateſt ſpace when it moves upon its leaſt ſurface. The ex- 
periments by which theſe propoſitions were originally proved may be 
ſeen in the Phil. Tranſ. 1784. | | 
The experiments which have been made by all authors whom I have 
ſeen, have been thus inſtituted. To find what moving force would 
7uft put a body in motion; and they have concluded from thence, that 
the accelerative force was then equal to the friction; but it is manifeſt, 
that any force which will put a body in motion muſt be greater than 
the force which oppoſes the motion; and hence, if there were no other 
objection than this, the quantity of friction could not be very accurately 
determined. But there is another circumſtance which totally deſtroys the 
experiment, ſo far as it tends to ſhow the quantity of friction, which is, 


the ſtrong coheſion of the body to the plane when it lies at reſt; 2650 
. ; | MB 


From theſe experiments therefore it appears, that the coheſion was 
ſo very conſiderable in proportion to the friction when the body was 
in motion, that it muſt by no means be neglected in our enquiries re- 
ſpecting the quantity of friction. All the coneluſions therefore de- 
duced from the experiments, which have been inſtituted to determine 
the friction from the force neceſſary to put a body in motion (and 1 
have never ſeen any deſcribed but upon ſuch a principle) have mani- 
feſtly been totally falſe; as ſuch experiments only ſhew the reſiſtance 
which ariſes from the coheſion and friction conjointly, | | 


96. Let e, f, g, (fig. 3.) repreſent either a cy- 
linder, or that circular ſection of a body on which 
it rolls down the inclined plane CA in conſequence 
of its friction, to find the time of deſcent and the 
number of revolutions. eee 

As it has been proved in prop. 94. that the friction of a body does 
not increaſe in proportion to its weight or preſſure, we cannot there- 
fore, by knowing the friction on any other plane, determine the fric- 
tion on CA; the friction therefore on CA can only be determined by 
experiments made upon that plane, that is, by letting the body deſcend 
from reſt, and obſerving the ſpace deſeribed in the firſt ſecond of time; 


call that ſpace a, and then, as by prop. 92. friction is an uniformly re- 
tarding force, the body muſt be uniformly accelerated, and conſequently 


a 8 . * # N / - 2 
the whole time of deſcent in ſeconds will be = 1 . Now to de- 
N F a f ; a 9 ol Aa > : , 


termine the number of revolutions, let s be the center of oſcillation ta. 
the point of ſuſpenſion a; then, becauſe no force acting at @ can affect 
the motion of the point s, that point, notwithſtanding the action of the 
friction at a, will always have a motion parallel to CA uniformly ac- 

| ä ce lerated- 
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celerated by a force equal to that with which the body would be acce- 
lerated if it had no friction; hence, if 22: = 324 feet, the velocity ac- 


quired. by the point s in the firſt ſecond will be = NT ; now the 


exceſs of the velocity of the point s above that of » (r being the center) 
15 manifeſtly the velocity with which s is carried about r; hence the 


_2mxCB F 
velocity of 5 about the center = Ü ] 2 
of 1 CBC 2m ra CB a2 N ra CA 
conſequently u race NC 


-=the velocity with lich 2 point of the circumference is carried about 
the center, and which therefore expreſſes the force which accelerates 
the rotation; now as 22 expreſſes the accelerative force of the body 
down the Plane, and the ſpaces deſcribed in the ſame time are in pro- 


portion to thoſe forces, we have 2a: C4: 2mxraxXCB—2aXraxXC4 
| & CA 


| EAR X e XraxCd { the 1 858 which any point of the cireum- 
ference deſcribes about the center in the whole time of the body's de. 
ſcent down C A; which being divided by the circumference 6 X ra 


N 


(where 5 = 6,283 Kc.) will give e, for the whole num- 


þer of revolutions required. 
Cor. 1 fa N UM vv BC, the number of revolutions =o; Aud 


therefore the pody will then og ſlide; conſequently the friction Va- 
niſhes. 

Cor. g. Letar's (fig. 4.) be the next poſition of ar s, and 3 trb 
parallel + 5a, then will r repreſent the retardation of the center r 
ariſing from friction, and à % will repreſent the acceleration of a point 
of the circumference about its center; hence the retardation of the 
center : acceleration 55 the circumference about the center :: . ab 


;: (by ſim. As) 5 o „ 
Cor 3. If 4 coincide with a, the body does not Hide but only roll; | 
now in this caſe 5s: i: a5 : ar; but as 55 and ry repreſent the ratio 


of the yelocitics of the points 5 and r, they will be to each other as 


LET : 2 4 Or as mM Ne 2822 * CH; hence, vin the prac _ 
without ſiding, c a5 : ar. CB *. 


e 
Lor, 4. The time of deſcent own Cai is.= Sx ©, oP but by the 


laſt cor. . wher the body rolls without filing, 44 2 So wy 8 


| » das 


ie time > of deſcent in hat caſe =AC 2 e _ ; 5 now the time 
N 
of 


- 


1 


. 1 : A #5 g — 
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* 


of deſcent, if there were no friction, would be = ——==; hence the 
mx BC © 


time of deſcent, when the body rolle without Hiding: time of free de- 
ſcent :: Via: Vra. If the body be a cylinder, the time of rolling 


without ſiding = 0,305 Ac x As If BC = 1 i Gans ft. 3,36 

in. the time of deſcent = 1“. If AC = 4 ft. BC = 4, 46 in. the time 
=2”. The dimenſions of the cylinder are of no conſequence.  _ 
Cor. 5. By the laſt cor. it appears, that when the body juſt rolls 

without Hiding, or when the friction is juſt equal to the accelerative 


force, the time of deſcent = AC A — BO 


that the time of deſcent will continue the ſame, if the friction be in- 
creaſed, for the body will ſtill freely roll, as no increaſe of the friction 
acting at a can affect the motion of the point 5. | | 
If the body be projected from C with a velocity, and at the ſame 
time have a rotatory motion, the time of deſcent and the number of 
revolutions may be determined from the common principles of uni- 
formly accelerated motions, as we have already inveſtigated the acce- 
lerative force of the body down the plane and of its rotation about its 
axis; it ſeems therefore unneceſſary to add any thing further upon that 


ſubject. | | 


; now it is manifeſt, 


97. Let a body be projected on an horizontal 
plane LM (fig. 5.) with a given velocity, to de- 
termine the ſpace through which the body will 
move before it ſtops, or before its motion becomes 


uniform. „ 

Cas E I. 1. Suppoſe the body to have no rotatory motion when it 
begins to move; and let a the velocity of ages; per ſecond mea- 
ſured in feet, and let the retarding force of the friction of the body, 
meaſured by the velocity of the body which it can deſtroy in one ſe- 
cond of time, be determined by experiment and called F, and let x be 
the ſpace through which the body would move by the time its motion 
was all deſtroyed, when projected with the velocity a, and retarded by 
a force F; then, from the principles of uniformly retarded motion, x = 

Fe | 


= ; and if f time of deſcribing that ſpace, we have i= =» and hence 


. Now it is ma- 


the ſpace deſcribed in the firſt ſecond of time = ==— 
nifeſt, that when the rotatory motion of the body about its axis is equal 
to its progreſſive motion, the point @ will be carried backwards by the 

| F 3 former 


* 
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former motion, as much as it is carried forwards by the Jatter; conſe- 
quently the point of contact of the body with the plane will then have 
no motion in the direction of the plane, and hence the friction will at 
that inſtant ceaſe, and the body will continue to r9// on uniformly with- 
out Hiding with the velocity which it has at that point. Put therefore 
* = the ſpace deſcribed from the commencement of the motion till it 
becomes uniform, then the body being uniformly retarded, the ſpaces 
from the end of the motion vary as the ſquares of the velocities ; hence 
2 2 
= n 324 ) 2 =* a — 2 Fx = ſquare of the progreſſive 
velocity when the motion becomes uniform; therefore the velocity de- 
ſtroyed by friction =a — V 2 FB; hence, as the velocity generated 
or deſtroyed in the ſame time is by propoſition 57. in proportion to 


3 . 
the force, we have by cor. 2. prop. 96. 75: ran A- e ·= FR: 
0 ; rs 


»* a—y a*—2Fs the velocity of the circumference e/ g generated 


62 ' — — 78 — —— 
about the center, conſequently 4/ a*— 2F& = N = Ve Fx, 


| 2 . | | | 
and hence æ =— TEE — the ſpace which the body deſcribes 
before the motion becomes uniform. | | | 
2. If we ſubſtitute this value of æ into the expreſſion for the ve- 


locity, we ſhall have 2 x _ for the velocity of the body when its mo- 


tion becomes uniform; hence therefore it appears, that the velocity of 
the body, when the friction ceaſes, will be the ſame whatever be the 
quantity of the friction. If the body be the circumference of a circle, 
it will always loſe half the velocity before its motion becomes uniform. 

CasE II. 1. Let the body, beſides having a progreflive velocity 
in the direction LM, have alſo a rotatory motion about its center in 
the direction g e, and let v repreſent the initial velocity of any point 
of the circumference about the center, and ſuppoſe it firſt to be leſs 
than a; then friction being an uniformly retarding force, no alteration 
of the velocity of the point of contact of the body upon the plane can 
affect the quantity of friction; hence the progreſſive velocity of the 
body will be the ſame as before, and conſequently the rotatory velo- 
city generated by friction will alſo be the ſame, to which if we 
add the velocity about the center at the beginning of the motion, we 


ſhall have the whole rotatory motion; hence therefore, v + = x 
. rs 


— 2 —— . 2 3 2 
a- Va - 2, conſequently 2 J 


| | | . 
the ſpace deſcribed before the motion becomes uniform. 
2. If this value of = be ſubſtituted into the expreſſion for the velo- 
| e 8 | | city, 
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city, we ſhall have e eee. for the velocity when the friction 


ceaſes. | | 

3. If v=a, then x , and hence the body will continue to move 
uniformly with the firſt velocity. | 

4. If v be greater than a, then the rotatory motion of the point a 
on the plane being greater than its progreſſive motion and in a con- 
trary direction, the abſolute motion of the point à upon the plane will 
be in the direction ML, and conſequently friction will now act in the 
direction LM in which the body moves, and therefore will accelerate 
the progre//ive and retard the rotatory motion; hence it appears, that 
the progreſſive motion of a body may be accelerated by friction. Now 
to determine the ſpace deſcribed before the motion becomes uniform, 
we may obſerve, that as the progreſſive motion of the body is now ac- 
celerated, the velocity after it has deſcribed any ſpace x will be = 


Va 2x, hence the velocity acquired = NV t Fx -a, and con- 


— 


ſequently the rotatory velocity deſtroyed == * Hai x > 2Fz—a, hence 


F 2 — — 2 
— 5 Val 2 FR -a = a*+2fz, therefore a = eee. | 
5 | 24 X 


En os as? | . 
= === the ſpace required. 


2 


5. If a g, or the body be placed upon the plane without any pro- 
ef * h „ 0 | 
greſſiye velocity, then x = ————= 

Cas E III. 1. Let the given rotatory motion be in the direction 
ge; then as the friction mutt in this caſe always act in the direction 
ML, it muſt continually tend to deſtroy both the progreſſive and rota- 
tory motion. Now as the velocity deſtroyed in the ſame time is in 
proportion to the retarding force, and the force which retards the ro- 
tatory is to the force which retards the progre/ive. velocity by cor. 2. 
prop: 96. as va: rs, therefore if v be to à as ra is to rs, then the re- 
tarding forces being in proportion to the velocities, both motions will 
be deſtroyed together, and conſequently the body, after deſcribing a 
certain ſpace, will reſt; which ſpace, being that deſcribed by the body 
uniformly retarded by the force F, will, from what was proved in 
caſe I, be equal to . 26 

2. If v bear a greater proportion to à than ra does to rs, it is ma- 
nifeſt, that the rotatory motion will not be all deſtroyed when the pro- 

2 


greſſive is; conſequently the body, after it has deſeribed the ſpace po 


will return back in the direction ML 1 for the progreſſive motion being 
then deſtroyed, and the rotatory motion ſtill continuing in the direc- 


tion g ef; will cauſe the body to return with an accelerated 3 
a | 1 until 


5 : a. 
motion varies as the ſquare of the velocity) a* : hy ' 


$$ }: r Ce n A Ne. 


until the friction ceaſes by the body's beginning to roll, after which it 
will move on uniformly. Now to determine the ſpace deſcribed be- 


fore this happens, we have g: ra :: 4: — — the rotatory velocity 
deſtroyed when the progreſſive is all loſt; hence v — —.— = 


...r rotatory velocity at that time, which being ſub- 
A ' 


ſtituted for w in the laſt article of caſe II. gives = for the 
2F Xas 


ſpace deſcribed before the motion becomes uniform. 

3. If v have a leſs proportion to @ than ra has to 75, it is manifeſt, 
that the rotatory motion will be deſtroyed before the progre//ive; in 
which caſe a rotatory motion will be generated in a contrary direction 


until the two motions become equal, when the friction will inſtantly 


ceaſe, and the body will then move on uniformly. Now ra : rs :: Y: 


—.— the progreſſive velocity deſtroyed when the rotatory velocity 


KY a XKra- Xx 

8 ra | 
begins its rotatory motion in a contrary direction; ſubſtitute therefore 
this quantity for @ in the expreſſion for æ in caſe I. and we have 


ceaſes, hence a — = progreflive velocity when it 


| 2 

3 * 5 
n = EEE = for the ſpace deſcribed after the rotatory 
motion ceaſes before the motion of the body becomes uniform. Now 
to determine the ſpace deſcribed before the rotatory motion was all 
deſtroyed, we have (as the ſpace from the end of a uaiformly retarded 


2 822 
„ 4A Xra—- Xx, 


ra 
5 4 Ka — VY oy 
" "2Fxra* 
time that the rotatory velocity was deſtroyed, until the progreſſive mo- 
tion would have been deſtroyed, had the friction continued to act; hence 


2 3 ee 185 1 
a axra—vYxrs _24UVXraXxri—v Xrs . 

— GC — —— —ͤ. CIT rm —o—_ - ſ deſl 
FTE = the ſpace deſcribed 


when the rotatory motion was all deſtroyed; hence 


„the ſpace that would have been deſcribed from the 


— 5 — 2 N 

Ta Nr vA NK ar- ,, 2aVUXraXri—V* xr" 
5 as Xar* 2 F | 2f Xra* 
deſcribed by the body before its motion becomes uniform. 


S whole ſpace 
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"DEFINITION. 


The center of friction is that point in the baſe of a body on which 
1t revolves, into which if the whole ſurface of the baſe, and the maſs 
of the body were collected, and made to revolve about the center of 
the baſe of the given body, the angular velocity deſtroyed by its fric- 
tzon would be equal to the angular velocity deſtroyed in the given 
body by its friction in the fame time. 


98. To find the center of friction. 

Let FGH (fig. 6.) be the baſe of a body revolving about its center 
C, and ſuppole a, b, c, &c. to be indefinitely ſmall parts of the baſe, 
and let A, B, C, &c. be the correſponding parts of the ſolid, or the 
priſmatic parts having a, 6, c, &c. for their baſes; and P the center of 
friction. Now it is manifeſt, that the decrement of the angular velo- 
city mult vary as the whole diminution of the momentum of rotation, 
cauſed by the friction directly, and as the whole momentum of rotation 
or effect of the inertia of all the particles of the ſolid, znverſely; the 
former being employed in diminiſhing the angular velocity, and the 
latter in oppoling that diminution by the endeavour of the particles to 
preſerve in their motion. Hence, if the effect of the friction vary as 
the effect of the inertia, the decrements of the angular velocity /in a 
given time will be equal. Now as the quantity of friction (as has 
been proved from experiments) does not depend on the velocity, the 
effect of the friction of the elementary parts of the baſe a, 6, c, &c. 
will be as a X aC, b x C, c * cC, &c. allo the effect of the inertia- 
of the correſponding parts of the body will be as 4 x 40 B x C, 
C x , &. Now when the whole ſurface of the baſe and maſs of 
the body are concentrated in P, the effect of the friction will be as 


a+b+c+8&. x CP, and of the inertia as A+B+C + &c. 0 cp, 

conſequently axaC+8 x bC+cxcC+ &c. : a+b+c+&c. x CP 

Ax AC ERC CN C*+8&.: A+B+C+&c. x CPI; and 

hence CP —LxaC*+B xbC*+C xcC+ Ec. & a+6+c+8&c (if 
a x4 Ce cC＋&c. x A+B+C+&c. 


S = the ſum of the products of each particle into the ſquare of its diſ- 
tance from the axis of motion, 7 the ſum of the products of each 


part of the baſe into its diſtance from the center, 5 the area of the 


baſe, 2 the ſolid content of the body) 721 | 


99. Given the velocity with which a body be- 
gins to revolve about the center of its baſe, to de- 


termine the number of revolutions which the body 


will make before all its motion is deſtroyed. al 


Let 


4 
f 

; 
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Let the friction, expreſſed by the 2 which it is able to deſtroy 
in one ſecond in the body if it were projected in a right line horizon- 
tally be determined by experiment, and called F; and ſuppoſe the 
initial velocity of the center of friction P about C to be a. Then 
conceiving the whole ſurface of the baſe and maſs of the body to 7 


collected into the point P, and (as has been proved in prop. 97.) = 


will be the ſpace which the body ſo concentrated will deſcribe before 
all its motion is deſtroyed; hence if we put z= PC, p = the circum- 
ference of a circle whoſe radius is unity, 121 will zz = circumference 


deſcribed by the point P; conſequently 2 = the number of revo- 


lutions required. 


T. If the ſolid be a cylinder and r be the radius of its baſe, thaw, 


2 


V 2 1 ” and therefore the number of revolutions = Ro : 
4 _ 
100. When a wheel turns upon an axle, the 

force to overcome the friction is diminiſhed in the 

ratio of the radius of they wheel to the radius of 


the axle. 


For the force which turns the wheel acts at the elvcintifercs of the 
wheel, and the friction acts at the circumference of the axle; the force 
therefore acting at a greater diſtance from the axis acts at ſo much 4 
greater advantage to overcome the friction. | 

Hence in friction wheels, where the axle of the wheel to which the 
weight is applied les upon the circumference of two other wheels 
r. upon their axles, the friction is diminiſhed-in the ratio of the 
product of the radi of the wheels to the N of the radii of the 


axles. 
ON WHEEL CARRIAGES, 


On plain hard ground. 


101. The utility of wheels atiſes from their 
turning about their axles. 


For it requires a leſs force to draw the carriage when they are free 
to turn about their axles, than when Ys are chained together and 
| cannot turn. 


102. If the 2 ks all equal and narrow, - 
> 
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requires the ſame weight to draw the carriage, b 
whether it be loaded before or behind. 


103. If broad wheels be put on of the ſame ſize 
and weight, it requires the ſame weight to draw 


the carriage as for the narrow wheels, at whatever 


part it is loaded. 


104. If two wheels be low and two high, it re- 
quires a greater weight to draw the carriage than 


when all! are high. 6 
In this caſe it makes no ſenſible difference which go before. The 


common opinion therefore that the high wheels drive on the lower 


when they go forward is not true. 


105. If the wheels be all equal, it requires a 
greater weight to draw the — the leſs the 


wheels are. 


The diſadvantage of ſmall b ariſes from hence, that the reſiſt- 
ance of the ground, which turns the wheels about, more eaſily over- 
comes the friction at the axle in a large than a ſmall wheel, becauſe it 
acts at a greater diſtance. For the mechanical advantage of wheels is, 
that the reſiſtance which muſt be overcome by a force more than equi- 


valent to it if the wheels could not turn, is overcome by a leſs force in 


the proportion of the radius of the wheel to the radius of the axle, 
when the wheels do turn. Hence the diſadvantage of laying the load 
upon the low wheels, as it increales the friction where there is the 
leaſt power to overcome it. Dr. DEsaGULIeRs has given a wrong 
reaſon for the diſadvantage of ſmall wheels; for he ſays, that the ſmaller 
wheel moving quicker upon the axis than the large one, muſt have ſo 


much the more friction; whereas it appears by prop. 92. that the fric- 


tion 1s the ſame whatever be the yelocity. Where the load is but ſmall, 
and conſequently the friction but ſmall, there is but a ſmall difference 
between the ſmall and large wheels; but when the load is great the dif- 
ference becomes conſiderable. The high wheels uſed in theſe experi- 
ments were 6 inches diameter, and the low wheels 3, and the carriage 
weighed about 22 oz. excluſive of the wheels. 


On hard ground with obftactes.. 
106. If JF be the weight of the carriage, ad 


the center of gravity be in the middle; allo if r= 


G 8 Lünen 


— 2 ooo . — - 
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the radius of the wheel and x the height of the 
obſtacle, then the power P acting parallel to the 
horizon which is juſt ſufficient to balance the car- 
riage at the obſtacle without drawing it over 


e 
VVaræx— xs 
2K | 


For the power may be conceived to be drawing a weight up an in- 
clined plane which is a tangent to the circle at the point where it 
touches the obſtacle; and as, when that end riſes, the other reſts upon 
the horizontal plane, the power has to elevate a weight only equal to 


WF. 


Experiments of this kind are ſubject to inaccuracies which cannot 
be accounted for. The power will ſometimes hang for ſome time 
without moving the carriage, and then it will ſuddenly draw the car- 


.riage over the obſtacle. Sometimes there will be a difference of 2 0z. 


out of about 10 O. in drawing the ſame carriage over the ſame ob- 
ſtacle, although every care is taken to have all the circumſtances ac- 
curately the ſame. Many of the experiments however anſwer very 
nearly to the theory, nor do any of them differ from it very materially, 

The ule of high wheels in going over obſtacles is very manifeſt from 
this propoſition, and as carriages are continually going over obſtacles, 
high wheels will always have the advantage. Moreover in ſinking 
into holes they have a double advantage, firit, they do not ſink ſo deep 
as low ones would, and ſecondly, after ſinking, they aſcend again with 
leſs power. As, when the center of gravity is in the middle of the 
carriage, the power has but half its weight to elevate in going over an 
obſtace, therefore when the load is not in the middle, it throws the 


center of gravity towards one end, and therefore when that end goes 


over an obſtacle the power has more than half the weight to raiſe, the 
preſſure upon each wheel being inverſely as the diſtance of the center 
of gravity from them. Hence every carriage ſhould be loaded moſt 
towards the higheſt wheels, by which means leſs than half the weight 
will be thrown upon the lower wheels, and thus each pair of wheels 
may be made to require the ſame power to draw them over an obſtacle. 
Ihe ſame power however that may be neceſſary for one obitacle will 


not be ſufficient for another. ; 


If the height of the obſtacle be inconſiderable in reſpect to the radius 
of the wheel, which is the caſe with the common obſtacles, as ſtones, 


&c. which carriages uſually meet with, then P =I x WA = Now 


as each pair of wheels has the ſame obſtacles to go over, x is given, 
and that Y may be given, or that it may require the ſame power for 
each pair, V muſt vary as Vr; now the weight ſupported by each 
wheel 1s inverſely as its diſtance from 'the center of gravity. Hence 


to overcome inall obſtacles, the diſtance of the center of gravity from 
| T e the 
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the great wheels: its diſtance from the ſmall :: the ſquare root of the 
radius of the ſmall wheel : the ſquare root of the radius of the large 
wheel. Now I find that the radii of the wheels of a common waggon 
are about 5 ft. 8 in. and 4 ft. 8 in. and the diſtance of the wheels, 
when narrow, about 6 ft. 6 in.; hence the center of gravity of the load 
of a waggon ought to be about 3,6 in. nearer to the higher than to 
the lower wheels. For a broad wheel waggon, where the diſtance of 
the wheels is about 7 ft. 10 in. the center of gravity ought to be about 
4,2 in. nearer to the higher than to the lower. „ 
It appears alſo that when V and x are given and & is very ſmall, 
N varies inverſely as the ſquare root of the radius of the wheel, Hence 
the advantage of a wheel to overcome a ſmall obſtacle varies as the 
ſquare root of the radius of the wheel. This refiſtance of the obſtacle 
cauſes the wheel to turn, but this reſiſtance is not friction; for friction 
ariſes from the rubbing of the parts of one body againſt thoſe of an- 
other, whereas here the wheel only turns upon a point; the friction 
therefore only takes place at the axle, where the parts rub one againſt 
another. There is therefore no friction at the ground, unleſs when the 
wheels ſlide, which is the caſe when they are chained together, which 
is frequently done to prevent them from running too faſt down a hill. 


Upon ſand. 


107. It requires a leſs force to draw a narrow 


than a broad wheel carriage upon ſand. 


The diſadvantage of the broad wheels ſeem to ariſe from their ö 
driving the ſand before them. | | | 


108. If two wheels be high and two low, it re- 
quires a greater force to draw the carriage than 
when all the wheels are high. | 


109. If all the wheels be low, it requires a 
greater force to draw the carriage than in the laſt 


caſe. 


In all theſe caſes it requires a leſs force to draw the carriage when | 
loaded behind than before. : 


C8 Nl ves. 
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1. \ FLUID is a body whoſe-parts are put in motion one among 


another by any force impreſſed; and which, when the im- 
preſſed force is removed, reſtores itfelf to its former ſtate. | 
All fluids may be divided into elaitic and non-elaſtic; elaſtic com- 
prehend the different kinds of airs, and non-elaſtic the different kinds 
of liquids. As many bodies, by cold, from liquids become ſolids, ſuch 
bodies might be defined to be liquids ſo long as their ſurfaces, when 
diſturbed, will reſtore themſelves to an horizontal poſition. The defi- 
nition ſuppoſes a partial preſſure; for if the fluid be incompreſſible, 
under an equal general preſſure, none of the parts will move. From 
the eaſe with which the parts of a fluid are moved, it is ſuppoſed to be 
conſtituted of particles round and very ſmooth. 
2. The ſpecific gravity, and alſo the denſity of a body, is in pro- 
portion to its quantity of matter or weight, when the magnitude is 


Swen. 
ON THE PRESSURE. OF FLUIDS. 


1. A fluid weighs as much in a fluid of the 
ſame kind, as it does out of the fluid. 


2. The ſurface of every fluid at reſt 1s horizontal. 


3. If the denſity of a fluid be uniform, the preſ- 
ſure at any depth is in proportion to the depth. 


4. Fluids preſs equally in all directions. 


Hence the lateral preſſure of a fluid is equal to the perpendicular 
preſſure. This is one of the moſt extraordinary properties of fluids, 
and can be conceived to ariſe only from the extreme facility with which 
the component particles move amongſt each other. It will be difficult 
to conceive how this is poſſible to happen if we ſuppoſe the particles 


to be in contact; they are therefore probably kept at a diſtance from 
Lin | cach 
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each other by a repulſive power, which power in water, admitting 
the truth of the experiments related, muſt be greater than any human 
wer that can be applied. This is one remarkable difference between 
ſolids and fluids, as the former preſs only downwards. 
This and the laſt prop. accounts for what is called the hydroſtatical 
paradox, by which very great weights may be balanced by a very ſmall 
8 of water without its acting at any mechanical advantage. 


5. If two fluids of the ſame kind communicate, 
their ſurfaces will reſt in the ſame horizontal plane. 
The Romans do not appear to have known this property of fluids, 
otherwiſe they would not have been at the-expence of conveying their 
water from one place to another over arches built one upon another. 
6. If a fluid preſs againſt any ſurtace, the preſ- 
ſure varies as its area multiplied into the depth of 
its center of gravity, the preſſure at every point 
being eſtimated in a direction Pore OY to the 
ſurface at that point. 
The preſſures of different fluids will vary as above, and as their Fr 
ſities conjointly. 
The preſſure of a fluid againſt any ſurface 
18 equa) to the weight of a cylinder of that fluid, 
whoſe baſe 1s equal to the area of the ſurface and 
altitude equal to the depth of its center of hy 


DEFINITION, 


The center of preſſure of a F ee point to which if a 3 
equal to the whole preſſure were applied, but in a contrary * 
it would keep the ſurface at reſt. 


8. If a plane ſurface which is preſſed by a fluid 
be produced to the ſurface of the fluid, and their 
common interſection be made the axis of ſuſpen- 
ſion, the center of oſcillation will be the center of | 


preſſure. 


5 If two different fluids cm they 
will 
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will ſtand at altitudes from the plane where they 
meet, which are inverſely as their ſpecific gravities 


or denſities. „ 
If mercury and water thus communicate, the altitude of the latter 
Will be about 14 times that of the former. 


ON THE SPECIFIC GRAVITIES, OR DENSITIES 
| OF BODIES, | 


| 10. The weight J/ of a body varies as its mag- 
nitude M and ſpecific gravity & conjointly. 


A cubic root of rain water weighs 1000 ounces avoirdupoiſe; call the 
ſpecific gravity of this 6, and then V: 1000 :: Mx S: I tt. x , hence 
if we aſſume 5s = 1000 as a ſtandard to compare the ſpecific gravities 
with, we have /=M XS, where M 1s the magnitude in feet. To re- 
duce it to the meaſure in cubic inches we have „1728: f:: 1000: 
»5787 the weight of a cuhic inch of rain; hence F=,55875 MS, where 
M is the magnitude in cubic inches. Now a troy ounce : an avoirdu- 
poiſe ounce :: 480: 437,5, for an avoirdupoiſe ounce contains 437,5 
grains troy. If we reduce to troy weight, which is moſt com- 
monly uſed, we ſhall have / =,52746 MS troy ounces = 253,18 MS 
grains. Hence if V and & be given, we know M the magnitude in 
cubic inches. By this method Mr. ATwood, in his Analyſis, con- 
ſtructed the following table to find the capacity of an irregular veſſel. 

Let the veſſel be filled with water, the weight of which 1s 4 ounces, 
then „52746: 4 :: 1 : the capacity in cubic inches. Hence | 

n cub. ©z. © cub.in. 


1 = 1,8959] 4 = 7,5835] 7 = 13,2712 
= 9, %% 3 = r$Qib7x 
„„ © = 11,3753 = 190030 


Hence we have a very accurate method of determining the diameter 
d of any ſphere whoſe weight is wv and ſpecific gravity s, that of water 
being unity. For the ſolid content of a ſphere whoſe'diameter is 1 is 
„5236; hence 1 : ,5236 :: 253,18 grains: 132,428 grains the weight 
of a ſphere of water whoſe diameter 1s 1; hence, as the weights of 
ſpheres are as their ſpecific gravities and cubes of their diameters con- 


jointly, we have 132,428 543 = au, conſequently = 519612, 


1 — of = 1 re 
r. Ar woop. | 


which is the rule given by 
. 292 8 | . - bs 
x 11. If a body ſwim on a fluid, it will not reſt 
till its center of gravity is in a vertical line with 
the center of gravity of the water diſplaced, 


For 
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— 


For the body is ſupported by a force under it equal to the reaction of 
the fluid diſplaced, and the effect of the force of this fluid and of the 
body ſupported being the ſame as the effect of each concentrated in its 
center of gravity, their centers of gravity muſt be in the ſame vertical 
line, otherwiſe the body will not be ſupported. | 


12. If a body ſwim on a fluid, it diſplaces as 
much fluid as is equal in weight to the body; and 
the part immerſed : the whole body :: the ſpecific 
gravity of the body: that of the fluid. | 

The Hy DROMETER is an inſtrument for finding the ſpecific gravities 
of fluids, and is conſtructed upon the principle of this propoſition, by 
meaſuring how far it ſinks in different fluids, and the parts immerſed 
are inverſely as the ſpecific gravities of the fluids. It is uſually a braſs 
ſtem with a bubble at the bottom into which ſomething heavy is put 
to make it ſink and keep the ſtem, which is graduated, upright, in order 
to ſhew how much it ſinks in different fluids; and by knowing the 
weight of the whole inſtrument and of any part of the ſtem, you de- 
termine their ſpecific gravities. This inſtrument is alſo made uſe of 
to find whether a liquor is above or below proof, by obſerving whe- 
ther it ſtands above or below that point upon the ſtem which is ꝓroof. 
Many improvements have been made to this inſtrument, of which thoſe 
lately made by Mr. Ramspex feem to be the moſt important. . 8 

In this propoſition we neglect the effect of the air upon the part 
without the fluid, which is conſidered in prop. 17. 1 


13. The weight which a body loſes when wholly 
immerſed in a fluid is equal to the weight of an 
equal bulk of t he fluid. | 85 


44. The weight which a body loſes in a fluid: 
its whole weight :: the ſpecific gravity of the fluid: 
that of the body. 11 


If the body which 1s weighed in a fluid he wood, it ſhould firſt be 
well rubbed over with greaſe, or be varniſhed, to prevent its imbibing 
any of the fluid. . 

When we ſay a body loſes part of its weight, we do not mean that 
it gravitates leſs than it did before, or that its real weight is leſs, but 
that it is partly ſupported by the reaction of the fluid upwards againſt 
its under ſurface, and therefore it requires a leſs weight to ſupport itz 
the weight thus ſaid to be loſt is communicated' to the fluid, for the 
ſum of the weights of the body and fluid is juſt the ſame when the body 
is in the fluid as when out, By this propoſition the ſpecific gravity of 
2 ſolid and fluid are compared. > 


/ 


Cor a 8 
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Cor. 1. Hence if different bodies be weighed in the ſame fluid, their 
ſpecific gravities will be as their whole weights directly and the weights 


loſt inverſely. 
If the body to be examined conſiſt of ſmall fragments, they may be 


put into a ſmall bucket and weighed, and then if from the weight of 
the bucket and body in the fluid we ſubtract the weight of the bucket 
in the fluid, there remains the weight of the body in the fluid. 

Cor. 2. If the ſame body be weighed in different Gas; their ſpe- 


cific gravities will be as the weights loſt. 
The body for this purpoſe ſhould not be wood, as that would im- 


bibe the fluids; a ſolid glaſs bulb is the moſt proper. 
Cor. 3. Hence if two bodies of different magnitudes balance each 


other in any fluid, the greater will preponderate in a lighter fluid, and 
the leſs in an heavier. 


15. If A be a body lighter than the fluid, con- 
nect it with another P which is heavier fo that 
together they may ſink, and let the weight of P 
in the fluid be a, and the weight of P+9 in the 
fluid be 6, and let d be the weight of Lout of the 

fluid; then the ſpecific gravity of Q: the ſpecific 
gravity of the fluid :: J: a—b+9. 


16. A body immerſed in a fluid, aſcends or de- 
ſcends with a force equal to the difference between 
its own weight and the weight of an equal bulk 
of the fluid. 


17. If a lighter fluid reſt upon an heavier, 
and their ſpecific gravities be as a : 6, and a body 
whoſe ſpecific gravity is c reſt with one part P in 
the upper fluid and the other part Tin the lower, 


maP: 2: bc: c—8. 
Cor. Hence Q: P+2 :: ca: b—a; and if « bliſs ſmall dg t 


may be neglected, Q: P+R:: c b, as in prop. 12. 

18. If a and & be the ſpecific gravities of two 
fluids to be mixed together, P and 2 their mag- 
nitudes, and c the ſpecific gravity of the com- 


pound, then P: . bþ—C: c-. 


It 
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It is here ſuppoſed that the magnitude of the two fluids when mixed 
15 equal to the ſum of the two magnitudes when ſeparate. But it very 
often happens that the magnitude of the mixture is leſs than this ſum, 
owing, probably, partly to the conſtituent particles of the different fluids 
being of different magnitudes, and partly to their chemical attraction. 
This is called a penetration of dimenſions. If water and oil of vitriol 
be mixed together, the magnitude of the mixture is leſs than the ſum 


of the two magnitudes when ſeparate, 

19. The aſcent of a light body in an heavier 
fluid ariſes from the preſſure of the fluid upwards 
againſt its under ſurface. M 4#4. _ 

For if the body be placed upon the bottom of the veſſel, and fo 
cloſely fitted to it that no part of the fluid can get under, it will reſt; 
but if it be lifted up ſo that the fluid gets under it, it immediately riſes. 

20. If a plate of braſs be cloſely fitted ta the 
bottom of a glaſs veſſel of the ſame ſize, and then 
immerſed in a fluid, when it is ſunk to about 8 
times the depth of its thickneſs, it will then be 


ſupported by the fluid under it. A- 


ON THE TIME OF EMPTYING VESSELS, AND ON 
5 4 
SPOUTING FLUIDS. 


21. If a fluid ſpout from the bottom or fide of 

a vellel, at a ſmall diſtance from the orifice the 
ſtream is contracted, and when the orifice is ſmall, 
the diameter of the ſmalleſt part : the diameter of the 
orifice :: 21 : 25, as determined by Sir. I. NRW rox. 
When a fluid ſpouts from a veſſel, the water from all the ſides ruſh- 
ing towards the orifice is the cauſe of the contraction of the ſtream, 
| called the wena contruca. Now the area of the orifice : the area of the 
{ſmalleſt ſection of the ſtream :: 25* : 21* which is very nearly as 2 
: 1; hence, as the velocity is inverſely as the area of the ſection, the 
velocity at the vena contracta: the velocity at the orifice :: : 1. 
Now from the quantity of water running out in a given time, and the 
area of the vena contracta, Sir I. New ro x found that the velocity there 
was that which a body acquires in falling down the altitude of the fluid 
above the orifice; hence the ay” a. at the orifice being leſs -in the 


ratio 


— —— — Sn 
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ratio of 4/2 : 1, muſt be that which is acquired in falling down half 
the altitude, ' We muſt therefore diſtinguiſh between the velocity at 
the orifice and at the vena contracta, and in the doctrine of ſpouting 
fluids, it is the latter velocity which we muſt conſider, and aſſume the 
point of projection from that point. This is true only upon ſuppoſi- 
tion that the orifice is very ſmall; if not, the velocity there is leſs than 
that acquired in falling down half the height. It appears however 
from ſome experiments which I have made, that the velocity of the 
effluent water is in no con/tant ratio of any part of the depth; when the 
orifice is very ſmall it appears that the velocity there 1s very nearly 
that which is acquired in falling down half the depth; but as the ſur- 
face of the fluid deſcends the velocity 1s greater than that acquired 
through half the depth. See Paxxinson's Hydroſtaticks, p. 83. 


22. If a veſſel empty itſelf through an orifice 
at the bottom, and the area of the ſection parallel 
to the bottom continue the ſame, the velocity of 
the ſurface of the fluid is uniformly retarded. 
23. The velocity of a fluid through different 
ſections of the ſame tube or veſſel varies inverſely 


as the area of the ſection. 


If a the ſurface of a fluid running out of an orifice o at the bottom 
of a veſſel, x = the depth of the fluid at that time, # = the time the 


fluid has been running; then 7 == x , where 5 = 1672 feet. 
3 * NY 
Cor. 1. If the veſſel be cylindrical or priſmatic, and = the altitude, 


2 > a 
then #=— x Hr e time of emptying. 
Cor. 2. The time of the deſcent of the fluid in the ſame veſſel. 


through any ſpace z= — * 2h—y — | | 
0 . 
If the depth of a cylindrical veſſel be 12 in. and the diameter of the 
orifice at the bottom be 0,3 inches, the time of emptying by theory = 
35% which agrees very nearly with experiment. 


24. If a cylindrical veſſel be kept conſtantly 
filled with a fluid, twice the quantity which the 
veſſel contains will run out in the time it would 

have emptied itſelf. 
This appears by mechanics prop. bo. becauſe the ſurface of the fluid, 
when the veſſel empties itſelf, is uniformly retarded. 7 


eo — x 2 
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In all the propoſitions reſpeQing the times in which veſſels empty 
themſelves, the orifice is ſuppoſed to be very ſmall in reſpe& to the 
bottom of the veſſel, in which caſe our theory and experiments agree 
very nearly; otherwiſe they do. not. This agreement of the theor 
with experiment, proves the velocity at the orifice, whoſe magnitude 
is under the above reſtriction, to be that which a body acquires in 
falling down half the depth of the fluid, the theory being founded upon 
that principle. As the orifice increaſes, the velocity is that which is 
acquired in falling down leſs than half the depth. & oy 
25. If a cylindrical veſſel 12 inches high have 
a circular orifice at the bottom of o, 3 in. diameter, 
it will empty itſelf in about 35“; but if a pipe of 
the ſame length and diameter be fixed in the bot- 
tom, and the fluid flow through it, the veſſel will 
be emptied in about 18”, whether, when you fill 
the veſlel, you ſtop the tube at the top or the bot- 
tom; but 1f the pipe increaſe downwards, and the 
diameter of the lower end be 0,42 in. the time of 
emptying will be about 13“. | | 


26. If a cylindrical veſſel 18 in. deep have a cir- 
_ cular hole at the bottom, and at the ſide cloſe to 
the bottom, of o, 45 in. diameter; alſo if a cylin- 
drical pipe 13,7 in. long and of the ſame diameter 
be fixed in the ſide by the bottomin an horizontal 
poſition; in all theſe caſes the time of emptying 1s 
about 25”; but if the pipe increaſe in its diameter, 
ſo that the diameter of the other end be 0,65 in. 
the time of emptying is about 16". 


27. If a veſſel be filled with a fluid, and from 
any point it be directed to ſpout upwards, it riſes 
nearly to the height of the ſurface of the fluid in 
the veſſel, = 


Two cauſes prevent it from riſing quite ſo high, one 1s the reſiſtance / 
of the air, and the other is the * back of the fluid. Hence, in 
TE. | — a Con- 


/ 
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- conſequence of this latter obſtruction, the fluid will riſe higher if the 


direction deviate a little from the perpendicular. In great veloeities 
the reſiſtance is ſo great, that Gxa vs Ax DE ſays the greateſt height 
to which water can thus be projected is not above 100 feet. 


28. The diſtance to which a fluid ſpouts from 
the ſide of a veſſel upon an horizontal plane, is 
equal to twice the correſponding ordinate of a cir- 
cular arc whoſe diameter 1s equal to the diſtance 
of the ſurface of the fluid from the plane. 


From the diſtance to which a fluid ſpouts from the ſide of a veſſel, 
it appears that the velocity with which it ſpouts muſt be that which is 
acquired in falling down the whole depth of the fluid above the orifice. 
But it has been ſhown that the velocity through the ſection of the ori- 
fice 15 that which is acquired in falling through half the depth of the 


© fluid. Hence as ſoon as the fluid gets out of the orifice, it acquires 


an increaſe of velocity in the ratio of 4/2 : 1. The preſſure of the 
fluid in the veſſel muſt therefore continue to act upon the effluent fluid 


for a ſmall diſtance after it has paſſed the ſection of the orifice. 


ON THE ATTRACTION BETWEEN SOLIDS AND 
FLUIDS. | 


29. If two glaſs planes, forming a very ſmall 
angle with each other, be dipped in water, the 
water will riſe between them, and the height will 
be greater the nearer it 1s to the concourſe of the 


planes. Mercury will in like manner ſink. 


The water is ſuppoſed to aſcend by the attraction of the glaſs which 
lies contiguous to the ſurface of the fluid. 'The mercury deſcends, being 
more attracted by itſelf than by the glaſs. The upper ſurface of the 
fluid will form the common hyperbola, one of whoſe aſymptotes is 
the common interſection of the planes, and the other lies in the ſur- 
face of the fluid in the veſſel, Where the diſtance 1s about +4; of an 
inch, the water riſes about an inch. If the planes be parallel, the 
height is every where the ſame. Mr. HauksBEe tried the ſame with 
marble and vraſs planes, and found that the water roſe between them. 


30. If very ſmall glaſs tubes be dipped in water, 
the water will ſtand in them, above the level of that 
in the veſſel, at altitudes which are inverſely as their 


diameters. | OY 
Hence 


nKYDROSPAPTEOS N 


Hence the product of the diameter and altitude is a conſtant quan- 
tity, which quantity =,053 of an inch. To meaſure the diameter of 
a capillary tube, put in ſome mercury whoſe weight is w, and let it 
occupy a length of the tube J; then 1f,r3,6 be the ſpecific gravity of 
mercury (which it is when pureſt) when that of water 1s 1, the dia- 


meter = V > x ,01923. For if 4 diameter, the content of the 
mercury e x ,7854, and as one cubic inch of mercury weighs 3443 
grains, we have 1: 3443 :: 4 X ,7854 : , hence 4 = Wy *. 
,01923. This rule is given by Mr. Arwoop in his Analyſis, p. 3. 

It has been generally ſuppoſed that the water 1s ſuſpended by the at- 
traction of a ſmall annular ſurface on the inſide of the tube, contiguous 


to the ſurface of the water. But Dr. HamiLTon (Lect. 2. p. 47.) 
ſuppoſes it to ariſe from the attraction of the annulus lying juſt within 


the lower orifice of the tube. Mr. PaRKINSON however, in his Syſtem 


of Hydroſtatics, thinks neither of theſe ſuppoſitions true, but ſuppoſes 
that the fluid is ſuſtained by the immediate attraction of the glaſs. As 
the fluid will riſe in an exhauſted receiver, it cannot in any way be 
owing to the air. | | 


- 


31. If à be the altitude at which water will 
ſtand in a capillary tube whoſe diameter is d, then 
if another tube whoſe lower part 1s larger but 
whoſe diameter is 4 at the altitude a has its air 
drawn out, the water will riſe and be ſuſpended at 


that altitude. | 


In this caſe it is ſuppoſed that the attraction of the annular ſurface 
contiguous to the ſurface of the water ſupports all the fluid immediately 
under that part of the tube, and the other part is ſupported by the 
preſſure of the air on the ſurface of the fluid without the tube. That: 
this is true appears from hence, that the experiment will not ſucceed in 
a well exhaufted receiver. Dr. Jurix tried it in an exnauſted receiver 
and ſays that it did ſucceed; this therefore muſt have happened from 
his air pump not exhauſting ſufficiently. Dr. Hook makes the greateſt - 
altitude in the fineſt capillary tube about 21 inches, 


22 It a glaſs tube be filled with aſhes rammed 
very cloſe, and the lower end be dipped in water; 


the water will gradually riſe up through the aſhes. 


Mr. HaukxsBEe took a tube 32 inches long, and found that the 
water aſcended to the top in 130 hours. He then aks, “does not 
this ariſe from the ſame cauſe as in ſmall tubes, or between two planes? 


62 HY DROSTAT ICS. 


and do not the particles of this matter, by their little hollows and in- 
tervals, form a congeries of minute ſlender pipes, or ſurfaces near each 
other, ſo that the liquor riſes by one and the ha cauſe?” It riſes faſter 
In vacuo than in the open air, becauſe in the latter caſe it has all the 
air to force out. Water will alſo riſe in ſalt, ſugar, &c. in the ſame 
manner, 'The aſcent of juices in vegetables, and the various ſecre- 
tions of fluids through the glands of animals, ariſe from the ſame cauſe, 


the power of attraction. 


33. If the lower of two glaſs planes forming a 
very ſmall angle with each other be parallel to the 
horizon, and their ſurface be moiſtened with oil 
of turpentine, oranges, &c. a drop of oil placed 
between them will move towards their concourſe. 


ON THE RESISTANCE OF FLUIDS. 


34. If a body move in a reſiſting medium, the 
reſiſtance, within certain limits of the velocity, 


varies very nearly as the ſquare of the velocity. 


The reſiſtance ariſes from three cauſes, the inertia, the tenacity, and 
the friction of the fluid. The latter cauſe is inconſiderable, and the 
ſecond is, in moſt fluids, but very ſmall when compared with the iner- 
tia. The reſiſtance ariſing from the tenacity will be diminiſhed as the 
velocity increaſes, but that ariſing from the inertia will be, within cer- 
tain limits, as the ſquare of the velocity. In very ſwift motions, the 
reſiſtance of the air increaſes in a greater ratio, for the reaſon explained 
in prop. go. of mechanics; and in other fluids the ſame conſequence 
would follow, for the ſame reaſon, for projected bodies. But when bo- 
dies deſcend in fluids ſuch as water, the reſiſtance is always very nearly 
as the ſquare of the velocity, becauſe the body never can acquire a ve- 
locity beyond a certain limit. The greater the velocity 1s the lefs 
will be the preſſure againſt the back part of the body, and this varia- 
tion of preſſure will cauſe a deviation in the law of reſiſtance. Air, 

water and mercury are called perfect fluids, not having any ſenſible 
tenacity or friction. This doctrine of reſiſtance was eſtabliſhed by 
Sir I. NewTon, by a variety of experiments. See the Princieia, 


Vol. II. prop. 3:. Scholium. N | 

35. When plane bodies move in reſiſting me- 
diums, the reſiſtance varies as their areas, ſquares 
of their velocities and denſities of the mediums 
conjointly. | 


36. If 
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36. If a plane body move obliquely in a refiſt- 
ing medium, and the force of the oblique ſtroke : 
the force of the direct ſtroke :: the fine of the 
angle at which the plane ſtrikes the fluid: radius, 
the reſiſtance perpendicular to the plane varies, 
cæteris paribus, as the ſquare of the ſine of the 
angle at which the plane ſtrikes the fluid. | 
The principle upon which this propoſition is founded is not true 
when the body moves in air, as will be ſhown by experiment. I have 
not yet had an opportunity of examining whether it be true for water. 


The two next propoſitions ſuppoſe the truth of the ſame principle, and 
therefore are not true for air. . 


Y 


37. The reſiſtance of the ſame plane in the di- 
rection of its motion varies as the cube of the fine 
of the ſame angle. $f; 


38. The reſiſtance of the ſame .plane in a di- 
rection perpendicular to its motion varies as the 
ſquare of the ſine of the ſame angle into its coſine. 
Hence if we ſuppoſe the plane to be at reſt and the fluid to move 
againſt it, the effect of the fluid to move the plane in a direction per- 
ndicular to the motion of the fluid will vary in the ſame ratio. This, 
if the above principle were true, would be the effect of the wind to 
ut the ſails of a mill in motion. After they have begun their motion, 
the effect will depend upon the relative velocity of the ſails and wind; 
the angle alſo at which the wind acts upon the ſail will vary with the 
velocity of the ſail. 5 1 


39. If a plane body move in water in a direc- 
tion which is perpendicular to its ſurface, it is re- 
ſiſted by a force equal to the weight of a column 
of the fluid whoſe baſe is equal to that ſurface, and 
height equal to that through which a body muſt 
fall to acquire the velocity of the body. 


 'SeeParxxinson's Hydroſtatics, 55 173. and Ar woo p on Rectilinear 
and Rotatory Motion, P- 124. This prop. is capable of a very ſatis- 
factory proof by experiment. | 
40. If 


% f 
; : 
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40. If a ſphere and end of a cylinder of the ſame 
diameter moving in the direction of its axis, move 
in a fluid with equal velocities, the reſiſtance of the 
cylinder will, by theory, be double that of the globe. 

In the demonſtration of this prop. the principle in prop. 37. is af 
famed as true. The prop. therefore 15 not true if the globe move in air. 


FIN IT1I0 No 


If a plane body revolve in a reſiſting medium about an axis by means 
of a weight hanging from it, that point into which if the whole plane 
were collected it would ſuffer the ſame reſiſtance, I call the center of 


reſitance. | | 
41. If @ be the area of the plane, and 4 the 
fluxion of the area at the diſtance x from the axis, 


then the diſtance d of the center of reſiſtance from 


3 "og 8 
; | U. xa 
the axis = N — 
2 = 
For the effect of the reſiſtance of 4 to oppoſe the weight muſt 


vary as the reſiſtance into its diſtance from the axis, or (becauſe the 


reſiſtance varies as the ſquare of the velocity, or as the ſquare of the 
diſtance from the axis,) as xa, and therefore the whole reſiſtance is 
as the fluent of xia. For the ſame reaſon, the effect of the reſiſtance 
of à at the diſtance 4 is as 4; hence 45 = flu. x*a, therefore 4 = 


3 Vu. * 4 


a : 


If the body be a parallelogram, two of whoſe ſides are parallel to the 


axis and at the diſtances m and u, m being the leaſt diſtance, then 4= 


3 ms _ 3 e Tn xm 
n 4 5 


42. If a plane body revolve about an axis by 
a moving force acting thereon, firſt with its edge 
forward and then with its plane fide, the difference 
of the accelerative forces which will preſerve the 
motion of the body in each caſe uniform with the 
ſame velocity, diminiſhed in the ratio of the diſ- 
tance of the center of reſiſtance from the center of 
| 9 : 5 the 


* 
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the axis to the radius of the axis, gives the abſo- 
lute reſiſtance of a plane equal to the body moving 
with the velocity with which the center of reſiſt- 
ance moves. | e ee 


The machine conſtructed for this purpoſe is an horizontal axis, at 
one end of which there are four arms, like the fails of a mill, and at 
each extremity a plane is fixed. Two lines are wound round the axis 
together, and one leaves the axis above and the other below it, and go 
in oppoſite directions horizontally and paſs over pullies, and equal 
weights are hung on at each end to give motion to the axis. By this 
means, all preſſure upon the axis from the weights is avoided, ſo that 
whatever change it may be neceſſary to make in the weights to give 
the ſame velocity to the planes going flat and edge ways, there is 
not more preſſure upon the axis, and conſequently not more friction. 
The difference of the weights therefore can only ariſe from the reſiſt- 
ance of the planes moving edge and flat ways; and a weight at the cen- 
ter of reſiſtance equivalent to that difference, muſt, from the common 
property of the lever, be to that difference as the radius of the axis 
to the diftance of that center from the center of the axis. To 
render the reſiſtance ſtill greater, four arms might be put upon the 
other end of the axis, In my machine the radius of the axis is 0,199 

in. the length of the arms 3o in. each plane is a ſquare whoſe fide is 
4 in. one ſide of which is parallel to the arm, and the center of the 
ſquares is 32 in. from the axis. Hence the diftance of the center of 
reſiſtance from the axis = 32,044 in. The radius of the axis was deter- 
mined in the following manner. A fine ſilk thread 36 in. long was 
all wound round the axis ſo that the whorls all touched each other, and 
the number of revolutions and parts of a revolution were obſerved; then 
_ dividing 36 in. by the number of reyolutions and parts of a revolu- 
tion, it gave the circumference of the axis, from which the radius was 
determined. By this method the radius of any cylinder may be found 
to a very great degree of accuracy, and the longer the ſtring the greater 
the accuracy. As the ſtring by winding runs along the axis, it does 
not go in a plane perpendicular to the axis, and therefore there will be 
a ſmall inaccuracy from that, but it is ſo ſmall that there can ſcarce be 
a caſe where it may be neceſſary to conſider it. If there ſhould, it 
may be corrected thus. From the ſquare of the length of the ſtring 
ſubtra& the ſquare of the ſpace it takes upon the axis, and the ſquare 
root of the difference is the quantity to be divided by the number of 
revolutions in order to get the circumference. The mean of 7 ex- 
periments gave the reſiſtance = 0,9462 0z. troy to 64 ſquare inches 
ſtriking the air perpendicularly with a velocity of 2 feet in a ſecond 


43. If a plane body ſtrike the air obliquely, the 


effect of the direct ſtroke is not to that of the ob- 


lique, as radius to the fine of the angle of incidence. 
This 
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This was diſcovered by inclining the planes at different angles, and 
obſerving what weights would give them the ſame uniform velo- 
city. The angles at which I firſt tried the experiment gave the force 
of the ſtroke greater in proportion than the fine of inclination. I com- 
municated to Dr. Hur rox what I had done upon this ſubject, know- 
ing that he had made experiments on reſiſtances of the air upon a very 
extenſive ſcale; when he was ſo obliging as to inform me, that having 
made experiments of the ſame kind at all angles of obliquity from oo 
to gov, (which I had not then done,) he found that in one part of the 
quadrant the force was greater and in the other part lefs, than in pro- 
portion to the fine of inclination, and that the variation followed a 
very extraordinary law. He finds the reſiſtance of a globe 23 greater 
than the reſiſtance of a cylinder, moving in the direction of its axis 
with the ſame velocity. It is hoped that he will ſoon communicate to 
the public his valuable experiments. 3 


44. The reſiſtance of the air to plane bodies 
varies, cæteris paribus, as the ſquare of the velocity. 


For it requires four times the above mentioned difference of weights 
to be hung from the axis to give the planes twice the velocity, 


ON THE MOTION OF BODIES IN FLUIDS. 


45. If a ſphere whoſe weight is w and diameter 
d move in a reſiſting medium with a velocity which 
a body would acquire in falling in a vacuum 
through the ſpace h, and the denfity of the me- 
dium: the denſity of the body :: 1: 4; then the 


EY 40 425 
reſiſtance of the ſphere = = where p= 


314159 Ko. 
See ATwood's Treatiſe on Rectilinear and Rotatory Motion, p. 130; 
alſo Pa RK IN SO 'S Hydroſtatics, p. 177. 


46. The gravity of the ſame ſphere in the fluid, 
being equal to its own weight diminiſhed by the 
weight loſt, is equal to co Y, the gravity of the 
body itſelf in vacuo being v. 
Sn 8 47. Lhe 
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47. The force with which the ſame ſphere de- 
ſcends in the fluid, being equal to its gravity in 
the fluid diminiſhed by the reſiſtance, will be 9 . 


* 35 
6 44 


48. If v the velocity acquired by the ſame 
ſphere in deſcending from reſt through the ſpace 
x, then by mechanics prop. 72. vv = 2mFx= 


1 . 2m 
W N 


If e= 2,71828 the number whoſe hyp. log. is 1, then if the fluent 


taken and properly corrected, we have v = 4 : * 6—1 * 


7 - : N ; | 5 7 + 1 
we; -e; ſee PaREKINSOx's Hydroſtatics, p. 186. and Ar WOOD 
on Rectilinear and Rotatory Motion, p. 140. | 


* _ 
P o o 460d ; 4 * b—1 
If x be increaſed fine limite, e ao; hence » = | 


the limit of the velocity which the body can acquire, but which it can 
never attain. Or if 4 be very ſmall when compared with x, e*** will 
be very nearly So; and hence if 4 be very ſmall, x may be ſmall and 
—3* N s 
„ ill =» very nearly. Hence, as Mr. ATwood obſerves, very ſmall 
bodies deſcending in a fluid very ſoon acquire, as to ſenſe, their greateſt 
velocity, and then they appear to deſcend uniformly. He computes 
that if x = 164, the velocity, after the ſphere has deſcended 16 dia- 
meters, will be within leſs than 38 part of the greateſt velocity. Hence 
when a metal is diſſolved in a menſtruum, the particles being ex- 
tremely ſmall, will deſcend with ſo very ſmall a velocity that they 
will for a long time, as to ſenſe, appear quieſcent. Mr. MackgRTIDE 
ſuppoſes that fixed air is the cementing principle of bodies; and Mr. 
ATwood ſuppoſes that when a body is diſſolved in a menſtruum, the 
| fixed air eſcaping carries up the diſunited parts of the body; and when 
the medium is once filled with the particles, they will, as is ſhown above, 
remain ſuſpended for a very long time. The diſſolution of the body 
is ſuppoſed to ariſe from hence, that the particles of the medium at- 
tract the particles of the body with a greater force than the particles 
of the body attract each other. | 3 


68 os TATA e 
: Py 


49. If F be the time in which the ſphere in the 
laſt prop. deſcends through the ſpace x, then 7= 
4 1 + 1—et** 
— — X hyp. log. — _—_ 
vt O'S 5 / —=3* 


1 


See Arwoop on Rectilinear and Rotatory Motion, p. 150. and 
ParxinsoNn's Hydroſtatics, p. 189. : 

This is upon ſuppoſition that the reſiſtance varies as the ſquare of 
the velocity; and the experiments compared with the theory agree 
ſufficiently to eſtabliſh the truth of the hypotheſis. A ſmall difference 
mult neceſſarily ariſe, granting the ſuppoſition to be true, from the un- 
avoidable errors in conſtructing the experiments. 

In our experiments 4 = 2, o833 in. = 1, 01014, Xx =55,5 in.; hence 
t= 12 75 the time by theory. The time by experiment is about 13”. 
The diameter was determined by the rule in prop. 10. by loadin 
the ſphere till it was of the ſame ſpecific gravity as water, in which ae 
its weight was 1198,814 grains; hence 5 =1, and its diameter = 


1198,814 X „19612 = 2, 0833 inches. 


o. As a body deſcends in a fluid, it continually 
adds more weight to the fluid until it has acquired 
its greateſt velocity, at which time the weight ad- 
ded to the fluid is juſt the ſame as if the body were 


laid at the bottom of the veſſel. 


For as the velocity of the body keeps increaſing, the action of the 
body upon the fluid will keep increaſing; and when the body has ac- 
quired its greateſt velocity, the reſiſtance being equal to the weight of 
the body in the fluid, the body acts againſt the fluid with its relative 
weight juſt as it would act againſt the bottom of the veſſel if it were 

laid upon it. 5 ; 
oN ELASTIC. FLUIDS, AND THE DENSITY OF _ 
THE. AIR AT DIFFERENT ALTITUDES. 


51. If the particles of an elaſtic fluid repel each 
other with forces varying inverſely as the . power 
of their diſtance, then if r repreſent the diſtance of 
be | the 
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the Darter, 4 the denſity and c the eee 
24 5 

| force, c varies as d 3 

Cor. It appears by experiment, that in the common atmoſpheric: air Is 


2 
the compreſſive force varies as the denſity. Hence cf = Is conſe- 


quently #=1, and therefore the particles of air repel each other with | 
forces which vary inverſely as their diſtance. 
As the compreſſive force is equal to the elaſtic force of the air, — 45 | 
and reaction being equal and contrary, the elaſtic force muſt vary as 
the denſity. | 
52. If we ſuppoſe the force of gravity to vary 
as the . power of the diſtance from the earth's 
center, 1 the radius of the earth, x any diſtance 
from the center, and v the correſponding denſity, 
that at the earth's ſurface being unity, and d be 


the height of an P armolßneref then 4 
be | 


x bop. 15 1 i 


Cor. 1. If we ſuppoſe the _—_ of gravity to vary inverſely a as the 
| _ of the diſtance, then — 2; hence 4 * hyp. log. 2 8 


72 
Hence if æ be taken in muſical progreſſion, — 75 and conſequently = . 


will be in arithmetical progreſſion, theres the hyp. log. v vill de! in 
arithmetical progreſſion, and hence v will decreaſe in geometrical 
progreſſion. 
Cor. 2. If we ſuppoſe gravity to be conſtant, then » =o, therefore 
d x hyp. log. vr -; hence if x increaſe in arithmetic progreſſion, 
r—x, and conſequently hyp. log. v, will decreaſe in arithmetic pro- 
reſſion, and therefore ꝙ will decreaſe in geometrical progreſſion, con- 
ſequently the log. of the deniity decreaſes as the altitude increaſes, 
From experiments on the denſity of the air at the bottom and top of 
hills, Mr. CorEs (Hydroſtatics, p. 103.) collected, that at the altitude 
of 7 miles the denſity Was four times leſs than at the earth's ſurface, or 


_ L hence ifz= the diſtance 1 in miles above the earth's ſurface, 7: log. 


I * 
Fi x . — 5 5 0 4 therefore =") . Or to expreis it in terms 


of 


— 
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of the rarity , we have-; : log. 4 :: x : log. r, and hence y= NW ; alſo 


n 55 G = 1,1626 x log. r miles. This rule ſuppoſes the den- 
ſity to be as the compreſſive force, which is not true unleſs the tem- 
perature remains the ſame; but as the temperature is found to be very 
different at the ſame time at different altitudes, the rule will require a 
correction according to the altitudes of the thermometers at the two | 
places. Omitting however this correction, the denſity of the air at the 

altitude of 45 miles is found to be 7420 times leſs than at the earth's 
ſurface; and yet, from obſervations on the twilight, the rays of light 


4 


are ſenſibly affected by the air at that altitude. 


| ON THE BAKOMETER- 

1 53. If a glaſs globe be exhauſted of air and 
balanced at one end of a beam, upon admitting 
the air the globe preponderates. Os 


This experiment clearly proves that the air has weight; and from 
the weight neceſſary to balance the globe after the admiſſion, the weight 
N of the air will be known. Mr. Cor Es found the denſity between 800 
bt and goo, but nearer to goo, times leſs than water; and Mr. HauxsBez 

made it 885 times leſs, when the barometer ſtood at 29 inches. Hence, 
as a gubic inch of water weighs 253,18 grains troy, a cubic inch of 

air weighs 0,286 grains. If we take mercury to be 14 times heavier 

than water, the ſpecific gravity of air : that of mercury :: 1 : 8851 


| 
X14 = 12300. 
| 
| 
| 
| 


54. If a glaſs tube more than 31 inches long, 
hemetically ſealed at one end, be filled with mer- 
cury and then inverted and its end immerſed in a 
baſon of the ſame fluid, it will ſtand at an alti- 
tude above the ſurface of the mercury in the ba- 
ſon between 28 and 31 inches. | | 
As the mercury deſcends from the top of the tube it muſt leave a 
vacuum, and it remains ſuſpended by the preſſure of the air upon the 

| ſarface of the mercury in the baſon, for if the air be taken off from the 
ſürface the mercury deſcends. This preſſure of the air was diſcovered 
by GaLILEO. He found by experiment that water might be raiſed 
by the common pump to a certain height, and no higher; whereas, 
had nature abhorred a vacuum, as the philoſophers then thought, it 
might have been raiſed to any height. He conjectured therefore that 


it was owing to the air's gravitation, Afterwards his pupil ToxR I- 
De Fo, | 2 ü CELEIUS 
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cELL1US conſidered, that if the preſſure of the air would ſupport a 
column of water about 35 feet high, it muſt ſuſpend a column of mer- 
cury, whoſe denſity is about 14 times greater, about one fourteenth 
part of 35 feet; he according tried the experiment in the propoſition 
and found that the mercury ſtood at the height which he expected. 
Thus he fully proved the air's preſſure, and hence this is called the 
* Torricellian experiment, and the vacuum which is left above is called 
the Torricellian vacuum. A tube thus filled and graduated from 28 to 
31 inches is called a Barometer. — 

Hence we get the altitude of an homogeneous atmofpheie; for by 
the laſt article when the mercury ſtood at an altitude of 294 inches, 
the denſity of the air was to that of mercury :: 1: 12390; hence the 
altitude of an homogeneous atmoſphere =12390 * 294 = 365505 in, 
= 5,7 miles. If, aceording to ſome experiments, we ſuppoſe that 
when the mercury in the barometer ſtands at 3o inches the denſity of 
the air is 850 times leſs than that of water, the altitude of an homo-- 
geneous atmoſphere would be 5,6 miles. Eon. 

55 If a barometer be placed under the receiver 
of an air pump, and the air be exhauſted, the mer- 
cury will deſcend; and upon admitting the air it 


aſcends again to the former height. 


56. If a bottle be partly filled with mercury, 
and through the cork, made air tight, a glaſs tube 
open at both ends be put ſo that the lower end be 
immerſed in the mercury, then if the whole be 
put under the receiver of an air pump, and the 
air be exhaufted, the mercury will riſe in the tube 
nearly to the height at which the barometer ſtands 
at that time, or to the height at which the mer- 
cury riſes in the gage. „ 

This ariſes from the elaſticity of the air being as its compreſſive 
force; a very ſmall quantity therefore of air by its elaſticity produces 
the ſame effect as the weight of the atmoſphere. The mercury does 
not riſe exactly to the height, firſt, becauſe you cannot exhauſt all the 
air, and ſecondly, becauſe as the mercury riſes in the tube, the air in 
the bottle occupies a greater ſpace, and therefore its denſity and elaſtic. 
ay is r e and become {cſs than that of the air in its natural 


57. HEK 


** 


1 


middle fize man to be 144 ſquare feet, when the air is lighteſt the preſ- 
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57. If a barometer having its lower end im- 
merſed in a baſon of mercury be ſuſpended from 
the beam of a balance, it is found to weigh as 
much as when you invert it with the ſame quan- 
tity of mercury in it, and ſuſpend it by the other 
end. | 

It might at firſt he thought, that in the firſt poſition the weight re- 
jaired to balance the barometer would be only equal to the weight of 
the glaſs tube, the mercury within being ſupported, by the preſſure of 
the air upon the mercury without the tube; but as there is a vacuum 
left at the top, there is nothing to counterbalance the preſſure of the 
air againſt the top on the outſide; the tube therefore has to ſupport a 
column of air having the ſame baſe as the baſe of the tube, which co- 
lumn of air is equal in weight to the mercury within the tube. | 

58. If a barometer be carried to an altitude of 
54 feet, the mercury is obſerved ta ſink about 2 

59. If @ be the altitude of mercury in a baro- 
meter at the bottom of a mountain, and 4 the al- 
titude at the top, then the altitude of the moun- 


; 815 
tain 1, 1626 x log. ; mules. 
For at the top of the mountain the denſity of the air muſt be £ that 


at the bottom being unity, or we may call the rarity 5 which ſubſtt- 


tute for v in the note to prop. 52, and the altitude 1,1626 * log. 7 
The difference of temperature is not here conſidered. | 


60. When the mercury ſtands in the barometer 
at the altitude of 30 inches, the preſſure of the 
air upon every ſquare inch is about 18- Ib. troy, 
or a little more than 15 Ib. avoirdupoiſe. 


For a cubic inch of mercury weighs 3544 grains troy, therefore 30 
cubic inches weigh about 184 lb. Hence if we take the ſurface of a. 


ſure 
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ſure in] is 1 44. tons, and when heavieſt 143, tons, the difference | 
of which is 2464 Ib. This difference of preſſure muſt greatly affect 
us in regard to the animal functions, and conſequently in reſpect to 
our health, more eſpecially when the change takes place in a ſhort 
time. The preſſure of air upon the whole ſurface of the earth = 
12043468800000000000 lb. 

61. If the tube of a barometer, 9 perfectly 
cylindrical, be partly filled with mercury before 
it is inverted, after inverſion the mercury will fink 
below the ſtandard altitude, and the ſtandard al- 
titude will be to the depreſſion below that altitude 
as the ſpace occupied by the air after inverſion to 
the ſpace occupied before. 


It is here ſuppoſed that the elaſtic force is as the 8 and as the 

elaſtic force is equal to the compreſſive force, they balancing each 
other, the compreſſive force is as the denſity. If therefore the truth 
of this prop. appear from experiment, it follows that the elaſtic and 
- conſequently . force of che air muſt be as its denſity. 


ON THE AIR PUMP. 


62. If the capacity of the barrel of an air r pump 
: the capacity of the receiver :: 6 : 7, after every 
turn, the quantity of air extracted the quantity 
before :: : H r. 


Cor. 1. Hence the quantities taken away at any number of ſucceſſive 
turns form a geometric ſeries, een the whole can never be 
exhauſted. 

Cor. 2. Hence, dividendo, the quantity remaining 1 every turn 

: the quantity before :: 1 6 + 7, conſequently the quantities which 
remain after any number of ſucceſſive turns will form a ro ſeries, 


63. After every turn, the denſity of the air 1s di- 
miniſhed in the ratio of 5-7 : 7; and hence after : 


turns, it is diminiſhed in the ratio of 5 2: 7. 


64. The defects of the mercury in the gage from 
the ſtandard altetuckes after any MINES of ſucceſ- 
| K ive 


— 
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ſive turns, form a geometric ſeries whoſe terms 
are in the ratio of Y: r. 

65. The altitudes of the mercury in the gage 
at the ſame time form a geometric ſeries, the ratio 
of whoſe terms is Y: 6. 

66. When the air is rarified ꝝ times, the num 

log. 
log. r log. 7 
67. Air is neceſſary for the production of Gd, 


ber of turns = 


68. Air is neceſſary for the propagation of ſound. 
69. A candle will not burn in vacuo. 


70. If the preſſure of the air be taken off from 
one ſide of a thin glaſs phial, the preſſure of the 


alr on the other ſide will break it. 


The experiments with the air pump, ſhowing the very TT" 
effects of the preſſure of the air, are ſo numerous, that it would take 
up too much room to inſert them all here. | 


ON THE CONDENSER. / , 

71. After every deſcent of the piſton, one barrel 
of air in its natural ftate is forced into the receiver. 
72. If the capacity of the receiver : the capacity 


of the barrel as : b, then after ? deſcents of the 
piſton, the- denſity is Increaſed 1 in the ratio of 5: 


rt. 
75 After any number of e deſcents, the 
denſity is increaſed in arithmetic progreſſion. Fl: 


74 H 
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74. If the gage tube lie horizontal, the ſpaces 
which the air occupies after any number of ſuc- 
ceſſive deſcents of the priſton will decreaſe in mu- 
ſical progreſſion : 


75. A bell in condenſed air ſounds louder may 


in air in its natural ſtate. 


The effect of condenſed air may be ſhown by a idle of experix 
ments. Fire engines, air guns, artificial fountains, &c. a& n this 


cauſe. 
ON PUNGEY .AND SYPHONS. 


76. Water in pumps is raiſed by the preſſure of 


the air upon the ſurface without. 
A common pump is formed with two ſuckers, each valve of which opens' 


upwards; the lower ſucker is fixed, and the upper moveable by the 


handle. 
The lower ſucker nai not be more than 36 feet above the ſurface 


of the water in the well. For the water. riſes by the preſſure of the 


air upon the water without, in conſequence of a vacuum within; and 
in the moſt condenſed ſtate of the atmoſphere, the preflure of the air 
is not greater than that of a column of water 36 feet high, having 


equal baſes. But if a ciſtern there receive the water, and in like man- 


ner a pump works in that, water may be raiſed to any height. 
A forcing pump has two ſuckers, the upper of which is moveable with- 


out a valve, and the lower is fixed with a valve opening upwards. 


Some forcing pumps act by the force of the upper ſucker upon the 
water, and ſome by condenſed air upon it. 


77. If one leg of a ſyphon be put into a per 
of water and the air be drawn out of the other 
leg, the water will flow out of the leg without, pro- 


vided the end be lower than the DIE of the water | 


in the veſſel. 


The water will continue to run til the ſurface of the fluid is level 


with the end of the ſyphon without, and then it will ſtop. | 
The water is made to flow through the ſyphon by the preſſure of 


the air upon the ſurface of the water in the veſſel, the air being drawn, o 


from the ſurface of the water in the ſyphon. When the legs become 


equal, the preſſure of the air againſt the water at the end of the ſyphon 


without being equal to the hs is of the air on the ſurface of the 
| K 2 water 
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water in the veſſel, and theſe having columns of water of the ſame al- 
titude to ſupport muſt balance each other, and conſequently the fluid 
will then ceaſe to flow; whereas it flowed before from the ſuperior 


preſſure of the column without. 


78. It the ſyphon be capillary, the water will 
not flow out, till the end without be further below 
the ſurface of the fluid in the veſſel than the height 
to which the fluid would riſe in the tube by ca- 


Pillary attraction. 


ON THE THERMOMETER. 


79. Fluids expand by being heated, and con- 
tract again as they grow cold. 


Hence a fluid whoſe expanſion by heat is very ſenſible and uniform, 
and not ſubject to be frozen, is proper for the een of a ther- 


r 


80. The expanſion of mercury, 8 oil and 
ſpirits of wine, is, as to ſenſe, pr oportional to the 


heat applied. 


For let a thermometer e with theſe fluids be put into cold, 
water, and then into water heated to any degree, and note the altitudes ; 
put equal quantities of theſe two waters together, which will give a 
mean heat, and the fluid will ſtand at the mean altitude between the 
two before obſerved. This is found te be true, of whatever tempe- 
ratures the two parts of water are. Mercury is the moſt proper of the 
three fluids, as it is capable of enduring the greateſt degree of heat or 
cold without boiling or congelation. The thermometer uſually con- 
fiſts of a ſmall glaſs cylinder with a glaſs ball at the bottom, generally 
a globe, but it is better to make it flat, becauſe all the mercury in it 
will then be the ſooneſt affected by the variation of the air's temperature. 
The points where the fluid ſtands in the ſtem at freezing and in boiling 
water are uſually noted by obſervation, and then the whole ſcale is di- 
vided into equal parts and numbered. In FaHRENHEIT's thermo- 
meter, the freezing point is at 32, and boiling waterat212. According 
to this diviſion, mercury boils at 600, and blood heat is 98. 

To fill a thermometer, heat the bulb and you will expel the air, 
then dip the other end into the fluid and it will immediately rife and 
fill the bulb and part of the tube; and if there be any air bubbles, whirl 
it round about the upper end of the ſtem, and the centrifugal force of 


the fluid be greater than that of the air, the fluid will recede from 
the 
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the center and drive out the air. Then heat the bulb and force the 
fluid to the top of the ſtem and hermetically ſeal it; and as the heat 
decreaſes, the fluid will fall and leave a vacuum above. 5 Sink 
The preſſure of the atmoſphere againſt the outſide of the bulb, not 
being counteracted by any air within, affects its magnitude, diminiſh- 
ing it as the preſſure is increaſed. The variation however which this 
cauſes on the ſcale is never above one tenth of a degree. 


81. If a piece of iron be heated and then left 
to be cooled by a current of air paſſing over it, in 
equal times, quantities of heat will be loſt in pro- 
portion to the whole quantity. 


When the decrements of quantities vary as the quantities themſeves, 
theſe quantities muſt be in geometric . progreſſion. Hence the heats 


retained, after equal intervals of time, are in geometric progreſſion. 


Sir I. NewTon therefore heated a piece of iron red hot, and leaving 
it to cool, he laid upon it different metals and other fuſible bodies, and 
noted the times when by cooling they loſt their fluidity and began to 
coagulate; and laſtly, when the heat of the iron became equal to the 
external heat of the human body. Thus he. extended the ſcale to all 
degrees of heat. See Cor Es's and Parkxingson's Hydroſtatics. 


oN THE HYGROMETER. - # 


82. Wood expands by moiſture and contracts 
by dryneſs; on the contrary, chord, catgut, &c. 
contract by moiſture and lengthen by dryneſs. 


Hence by obſerving the expanſion and contraction of theſe ſub- 
ſtances, they will ſhow the different ſtates of the air in reſpe& to moiſ- 
ture. Various mechanical contrivances have been invented, to render 
ſenſible the ſmalleſt variations of the lengths of theſe ſubſtances. The 
twiſted beard of a wild oat, with a ſmall index fixed to it, moveable 
againſt a ſcale, makes a very good hygrometer; for the twiſting bein 
affected by the variation of the moiſture of the air, it cauſes the index 


to move. 
83. That ſubſtance is moſt proper for an hy- 
grometer, whoſe expanſion or contraction varies 
moſt nearly in proportion to the quantity of moiſ- 
ture imbibed. | tide | | 
Mr. Dr Luc has made a great many experiments in order to find ' 
out thoſe ſubſtances whoſe expanſion increaſes moſt nearly in propor- 


tion to the quantity of moiſture imbibed. The refult was, that whale- 
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bone and box, cut a croſs the fibres, increaſed very nearly in propor- 
tion to the quantity of moiſture, and more nearly ſo than any other 
ſubſtances which he tried. This he found by taking a quantity of 
ſhavings of each ſubſtance, and weighing them at the time when he 
meaſured the increaſe of the length of a ſſip of each, cut as above de- 
ſcribed. He however preferred the whalebone, firſt, on account of its 
ſteadineſs, in always coming to the ſame point at extreme moiſture ; 
ſecondly, on account of its greater expanſion, it increaſing in length 
above one eighth of itſelf from extreme dryneſs to extreme moiſture ; 
laſtly, it is more eaſily made thin and narrow. He accordingly has 
conſtructed an hygrometer with whalebone, as the moſt accurate for 
the meaſure of the moiſture of the air. It is a little extraordinary that 
when he took threads of ſome ſubſtances in the direction of the fibres, 
they firſt increaſed as the quantity of moiſture increaſed, and afterwards 
upon a further increaſe of moiſture they decreaſed in length. See the 


Phil. Tranf. for 1791. | 
- ON THE PYROME'TER. WOES 
84. All metallic bodies are expanded by heat. 


Various inſtruments have been invented to render ſenſible very ſmall 
expanſions. If the rod to be expanded act very near to an axis of 
motion, by a proper combination of wheels to multiply velocity, the 
leaſt expanſion will be perceived and may be meaſured. 

85. Rub a piece of metal with a cloth, and the 
warmth which it produces in the metal will ſen- 
ſibly increaſe its length. | 

86. If a lamp be put under a piece of metal, 
the metal will gradually increafe in length as it 
grows hotter. yr 


In this manner Mr. Mus chENBNOEk made experiments to deter- 
mine the proportion of the expanſion of different metals, by applying 
a different number of lamps, and found the reſults as follows 

Lamps. Tron. Steel. Copper. Braſs. Tin. Lead. 


1 80 85 89 „ 
2 JJ 080; 4» {474 
3 142 -. 708 7293 9975-6 * 

An 0 270 3611 „ . 


JJV 

Tin melted with two lamps and lead with three. With this kind of 
pyrometer Mr. FERGusox found the expanſion of metals to be in the 
following proportion; iron and ſteel 3, copper 45, braſs 5, tin 6, lead 
7. An iron rod 3 feet long is about one 7oth of an inch longer in 


87. If 


ſummer than in winter. 
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87. If a metal be put into water and the water 
be heated, the metal expands as the water increaſes 


in heat. | | * 


y this method Mr. Su EATON determined the expanſion of different 

metals, for by means of a mercurial thermometer immerſed in the 
water he could always aſcertain the degree of heat. He found that in 
equal intervals of time the expanſions were in geometric progreſſion. 
By this he was enabled to get the meaſure of the bar before it was ap- 
plied to the inſtrument. This will be beſt underſtood by explaining 
an experiment. The time elapſed between applying the bar to the 
inſtrument and taking the firſt meaſure, was + a minute; therefore 
the intervals between taking the ſucceeding meaſures were : a minute 
alſo. The firſt meaſure was 208; the ſecond 2 14,5; the third 216,6; 
the fourth 217,5. The differences of theſe are 6,5; 2; r. Now theſe 
three numbers are nearly equal to 6, 3; 2, 25 o, 8, which from a geo- 
metrical progreſſion whoſe common ratio is 2, 8. As therefore we may 
ſuppoſe the expanſion from the inſtant the bar was applied to the time 
of taking the firſt meaſure followed the ſame law, we can find the ex- 
panſion in the firſt 4 minute (at the end of which the firſt meaſure was 
taken) by continuing back the progreſſion, or multiplying 6,3 by 2,8, 
which gives 17,7 for the lengthening the firſt 3 minute; hence 208 — 
17, = 190,3 for the meaſure before the bar was applied. The fol- 
lowing expanſions are ſelected from Mr. Su EATON“s table, ſhowing 
how much a foot in-length of each increaſes in decimals of an inch by 
an increaſe of heat correſponding to 180 degrees of FayRENnAtrT's 
thermometer, from freezing to boiling water. See Mr, SMzaTon's 
account in the Phil. Tranſ. 1754. ae 


White glaſs barometer tube ,o1 Caſt braſs _ = -. + 0226 

Hard ſteel — 2 0147] Grain tin „0298 
Iron 3 5 - --4"; 0364 

Copper hammere PV . „0353 


Metals being thus ſubject to expanſion by heat, a pendulum made 
with a ſingle rod of metal will continually be ſubject to a variation in 
its length from the variation of the temperature of the air. To cor- 
rect this Mr. HaRRISON invented a pendulum, called a gridiron pen- 
dulum, compoſed of rods of iron and rods of braſs, ſo connected to- 

_ gether, that the braſs expands upwards when the iron expands down- 

wards; by this means the diſtance from the point of ſuſpenſion to the 
center of oſcillation is ſubje& but to a very ſmall variation. Mr. 
GRARHAM invented the following method of preſerving the length of 
the pendulum the ſame in different temperatures. He took a glaſs, or 
metallick tube, and put in ſome mercury; now the heat, by expanding 
the glaſs or metal downwards, expanded the mercury upwards; by the 
adjuſtment therefore of a proper quantity of mercury, he could make 
theſe effects in altering the length of the pendulum nearly deftroy each 
other. He found the errors-of a clock of this fort to be. but about 
+ of the errors of the beſt clock of a common ſort. | 
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1. XX 7 HATEVER grants a paſſage to light is called a medium. 
2. By rays of light is underſtood its leaſt parts, either ſuc- 
ceſſive in the ſame lines, or cotemporary in ſeveral lines. 

It is clear that light conſiſts of parts both ſucceſſive and cotempo- 
rary, becauſe in the ſame place you may ſtop that which comes one 
moment, and let paſs that which comes immediately after. The leaft 
ſenſible part which may be ſtopped, or ſuffered to proceed, is called a 

ray of light. 8 | 
3. Refrangibility is that diſpoſition of a ray of light to be refracted, 
or turned out of its courſe, when it paſſes out of one medium into 
another. | | 

When a ray of light paſſes out of a rarer medium into a denſer, 
Sir I. NEwTox ſuppoſes that it is refracted by the ſuperior attraction 
of the denſer medium, and by that means drawn out of its courſe. . | 
4. Reflexibilityis that diſpoſition of a ray of light to be reflected, or 

turned back into the ſame medium from any other medium upon whoſe 
Aurface it may fall. A | | | 
Sir I. NewTox ſuppoſes that light is not reflected by impinging 
upon the ſolid parts of the body, but by ſome power of the body which 
is evenly diffuſed all over its ſurface, and by which it acts upon the 
ray and impels it back without immediate contact. | 

5. Inflection is that diſpoſition of a ray of light to be turned out of 
its courſe when it paſſes very near to the edges of bodies. 

6. The angle of incidence is the angle which the line deſcribed by 
the incident ray makes with the perpendicular to the reflecting or re- 
fracting ſurface at the point of incidence. | | 

. The angle of reflection or refraction is the angle which the line 
deſcribed by the reflected or refracted ray makes with the perpendi- 
cular to the reflecting or refracting ſurface at the point of incidence. 

8. Any parcel of rays diverging from a point, conſidered as ſeparate 
from the reſt, is called a pencil of rays. | | 

A lens is a medium bounded by two ſpherical, or one plain and 
one ſpherical ſurface; and the line joining the centers, or which paſſes 
_ perpendicularly through each ſurface, is called the axis. ; 

There are 6 lenſes, a double convex, a double concave, a plano-con- 
vex, a plano-concave, a concavo-convex and a meniſcus. | | 

10. The focus of rays is that point from which they diverge, or to 


which they converge. 
11. The focus of parallel rays is called the principal focus. 


ON 
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ON THE GENERAL PROPERTIES OF LIGHT. 


1. If the ſun's rays be admitted into a dark 
room perpendicularly through a circular aperture, 
they form a cone of bright light, decreaſing till it 
comes to the vertex, where the rays croſs, and it 
then increaſes; about this there is a kind of pe- 
numbra, or fainter light, which is terminated by 
lines drawn from the ſun to the oppoſite ſides of 

the aperture. | 


Hence the image of the ſun received within the room is a bright 
central light ſurrounded with a fainter light; and if g the radius of 
the aperture, the tangent of 16'. 2 the mean apparent ſemidiameter 
of the ſun; then the radius of the whole image at the diſtance x. from 
the aperture = 7 +7 x; alſo the radius of the bright central part r 
—tx, or tx x according as you take it before or after the interſection. 
Hence when the radius of the aperture becomes evaneſcent the pe- 
numbra vaniſhes. - | 


2. The image of an aperture of any figure will 
approach towards a circle as you receive it further 


from the aperture. | 


For the diameter 2r -þ 2t of the image approaches to 27x as its 
limit, by increaſing x; therefore however irregular the figure of the | 
aperture may be, all the diameters of the image will approach to a 
ratio of equality, and coaſequently the image will approach to a circle 


as its limit. . | b 
3. Lights which differ in colour have different 
degrees of refrangibility. 


4. The ſun's light conſiſts of rays of different 
colours and differently refrangibile. Rn 


If the ſun's rays be admitted into a dark room through a ſmall hole 
in a window ſhutter, and be refracted through a priſm, the image is not 
round, but a long figure with parallel ſides and ſemicircular ends, the 
length of which is about five times its breadth; that .end which has 
ſuffered the leaſt refraction is red, and that which has fuffered the 
reateſt is violet. The whole image conſiſts of ſeven diſtinct colours, 
lying in the following order, red, orange, yellow, green, blue, _ | 
| violet; 
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violet; the red is the leaſt refrangible, and the other more in their 
order. Theſe are called primary colours, all other colours being only 
different combinations of theſe. Each colour forms a diſtinct image 
of the ſun, which images, in this experiment, running into each other, 
make a gradual change of colour in the image. But if a convex lens 
be placed before the priſm, each image will be diminiſhed, and by that 
means they will be ſeparated and each rendered diſtinct. | 
If two coloured images be formed with two priſms, and thrown one 
upon the other, then if that image be looked at through a priſm, the 


images will be again ſeparated. 


5. The primary colours cannot be ſeparated 


into other colours by any refraction. 


For if in the laſt experiment all the colours but one be ſtopped, for 
inſtance, the red, and that be again refracted by a priſm, it ſuffers no 
alteration in colour. By ſuffering the colours to paſs in ſucceſſion, 
from the red, each preſerves its colour, but the quantity of refraction 
keeps increaling. The image of each colour is perfectly circular, 
which ſhows that the light of each colour is refracted regularly with- 
out any dilatation'of the rays; 1t 15 therefore incompounded, or homo- 
gencal. | | 


6. If the breadth of each colour in the ſpec- 
trum formed by the priſm be meaſured, it will ap- 
pear that the breadth of the red, orange, yellow, 
green, blue, indigo, violet, are as the numbers 45, 
27, 48, 60, 60, 40, 80, reſpectively. 


If the circumference of a circle be divided into 45, 270, 480, 609, 
60 40% Soo, and the reſpective ſectors be painted red, orange, yel- 
low, green, blue, indigo, violet, and the circle be turned ſwiftly, it 
Will appear nearly White. For the ideas we have from the impreſſion 


of light remain for a ſhort time, and thus the colours excite the ſame 


fenſation as if they all entered the eye collected together. 


7. If the direct image of the ſun through a 
ſmall hole be received upon a ſkreen perpendicular 
to the rays, and the rays be then intercepted by a 
priſm and fall perpendicularly on the firſt fide, if the 
diſtance from the place of the direct image to the 
neareſt edge of the red and fartheſt of the violet 
be meaſured, they will be the tangents of the angles 

of 
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of deviation, the radius of which is the diſtance 
from the point where the rays emerge to the bs 
of the direct image. 


The angle of incidence on the ſecond fide of the wien 8 the re- 
fracting angle of the priſm, to which add the deviations of the two 
extreme colours, and we get the two angles of refraction, the fines of 
which will be to the ſine of incidence as 77 and 78 to 50. Hence if 
the difference between 77 and 78 be divided in che ratio of the breadth 


of each colour, it gives 77, 7754» 774» 774, 775» 774, 77%, 78 for the 
fines of refraction, the common fine of incidence being 505 that is, the 
ſine of incidence: the fine of refraction of the red rays :: 50: not leſs 


than 77 nor e than 775, the boundary of the Kt "and the ſame 
for the reſt. 


8. Candle gl is of the fame nature as the light 
from the fun. 


For rays from a candle may be ſeparated into all the dilferent co- 
lours, and they lie in the ſame order as in the light from the ſun. 


. The ſun's light conſiſts of rays which differ 5 
in \ Feflexibility, and thoſe rays which are moſt re- 


fr angible are moſt reflexible. 


For after forming a coloured image, as before, with a priſm, by turn 
ing the priſm about its axis, until the rays within it, which in going 
out into the air were refracted at its baſe, become ſo oblique to the 
baſe as to hegin to be totally reflected thereby, thoſe rays become firſt 
reflected, which before at ont incidences with the reft had ſuffered 


the greateſt refraction. 


10. According to Sir I. NewToN, the colours 
of natural bodies ariſe from hence, that ſome re- 
flect one ſort of rays and others another fort more 


copiouſly than the reſt. 


For every body looks moſt ſplendid i in the light of its own colour, 
and therefore it reflects that the moſt copiouſly. Beſides, by reffection 
you cannot change the colour of any fort of rays; and as hodies are 
ſeen by reflection, they muſt appear of the colour of thoſe rays Which 
they reflect. This is the opinion of Sir I. NewTox. But Mr. 
DeLav ar accounts for the colours of natural bodies in a manner dif- 
ferent from this, See the ea hg Memoirs, Vob II. . 


L2 11. Thin 
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11. Thin tranſparent ſubſtances, as glaſs, water, 
ar, &c. exhibit various colours according to their 


thickneſs. 


For a very thin glaſs bubble, or a bubble of water, will appear to 
have concentric colours; the bubble blown with water, firſt made 
tenacious by diſſolving a little ſoap in it, continually grows thin- 
ner at the top by the ſubſiding of the water, the rings of colours 
dilating ſlowly, and overſpreading the whole bubble. A convex and 
concave lens of nearly the {ame curvature being preſſed cloſely together, 
Exhibit rings of colours about the point where they touch. Between 
the colours there are dark rings, and when the glaſſes are very much 
compreſſed, the central ſpot is dark. Sir I. NEwToxN, to whom we 
owe all theſe diſcoveries, found the thickneſs of the air between the 
glaſſes where the colours appeared to be as 1, 3, 5, 7, 9, &c. and the 
thickneſs where the dark rings appeared to be as o, 2, 4, 6, 8, &c. 
The coloured rings mult have appeared from the reflection of the light, 
aud the dark rings from the tranſmiſſion of the light. The rays there- 
fore were tranſmitted when the thickneſs of the air was o, 2, 4, ©, 8, 
&e. and reflected at the thickneſſes 1, 3, 5, 7,9, &c. Sir I. NEwToN 
therefore ſuppoſes, that every ray of light in its paſſage through any 
refracting ſurface is put into a certain conſtitution or ſtate, which in 
the progreſs of the ray returns at equal intervals, and diſpoſes the ray 
at every return to be eaſily tranſmitted through the next refracting ſur- 
face, and between the returns to be eaſily reflected by it. Theſe he 
calls fits of eaſy tranſmiſſion and reflection. 


12. If a beam of the ſun's light be let into a 
dark room, the ſhadow of an opaque body is larger 
than it ought to be, upon ſuppoſition that the rays 
of hight proceded by it in ſtraight lines. 5 


13. If the edges of two knives be placed parallel 
to each other at the diſtance of about the 400th 
part of an inch, and a ray of light fall upon them 
and ſome part paſs between their edges, the ſtream 
of light will part in the middle at the knives and 
leave a ſhadow between the two parts. 


Hence it appears, that bodies act upon light at a diſtance; and in the 
_ caſe of the laſt propoſition it appears, that the body acted upon the 
light at the diſtance of the Booth part of an inch. In the former caſe 
the light was bent from the body, and in the latter towards it. This 


is called the !fledtzon of a ray of light. 


14. When 


o F N 1 By 
14. When a ray of light moves in a medium 
denſer than its ambient medium, and comes to its 
ſurface and is reflected, the reflection will be 
ſtronger the rarer the ambient medium 1s; and the 


total reflection will take place at a greater angle 
of incidence the leſs the difference of the denſities 


of the medium is. 


For if the two mediums had the ſame denſity, it Wiel be the ſame 
as the continuation of the ſame medium, in which caſe no reflection 
would take place; the reflection therefore will be the ſtronger hy how 
much rarer the ambient medium is. Alſo, by prop. 31. the total re- 
flection takes place after the ſine of refraction becomes radius; now the 
ſine of incidence: the ſine of refraction, nearer to a ratio of equality 
the denſer the ambient medium is, and therefore the ſine of incidence 
muſt approach nearer to radius, as the limit, when the total reflection 
takes place, and conſequently the angle of incidence becomes greater, 
the denſer the ambient medium 1 is, or the leſs the difference of the den- 
ſities is. The refractive power is here ſuppoſed to vary as the denſity. 

Light therefore is not reflected by %riking upon the fold parts of 
the ſurface of that body upon which it is incident, for if it were the, » 
_ denſer ambient medium would cauſe the ſtrongeſt reflection. It is 
; therefore reflected by ſome power diffuſed over the ſartace. 


15. The forces of bodies to reflect and refract | 
light are nearly as their denſities, except that unc- 
tuous and ſulphureous bodies refract more than 

others of the ſame denſity. 


For oil olive, ſpirit of turpentine and amber, which are ſulphureous 
unctuous ſubſtances, have their refractive powers nearly as their den- 
ſities; but their refractive powers are two or three times greater in re- 
ſpect to their denſities than the refractive powers of bodies which are 


not ſulphureous or unctuous. 


ON THE FOCI OF, AND IMAGES BY, REFLECTED 
R | 


16. The angle of incidence is equal to the angle 
of reflection, and the plane paſling through the 
incident and reflected rays 1s perpendicular to the | 
ſurface, | 


| 17. Parallel 


bh 
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17. Parallel rays are reflected parallel. 


In fact no pencil of rays can be accurately parallel; yet if the body 
from which the rays diverge be not nearer than a mile, all the rays in 
any pencil which we have ever any occaſion to conſider are, as to 


ſenſe, parallel. 

18. Diverging rays reflected at a plane ſurface, 
after reflection will diverge from a point at the 

ſame diſtance on the other ſide, and in the ſame 


perpendicular. 


19. If parallel rays fall very nearly perpendi- 
cularly on the concave ſide of a ſpherical reflector, 


after reflection they will all converge, very nearly, 
to the middle of that radius to which they are pa- 
rallel: if they fall on the convex ſide, they will 


diverge from that point. | 
Hence the middle of the radius is the principal focus; it is alſo 


called the geometrical focus. | | 
In optics, ſo far as regards practical purpoſes, we have occaſion only 


to inveſtigate the focus of rays falling very nearly perpendicularly upon 
the reflecting or refracting ſurfaces; for in practice the breadth of that 
ſurface is very ſmall in reſpect to the radius, and the rays fall nearly 
perpendicularly; the rules therefore here given, are ſufficiently accu- 
rate for the practical optician. 3 T- 

20. If the focus of diverging or converging rays, 
falling very nearly perpendicularly upon a ſpheri- 
cal ſurface, and the center be joined, the diſtance 
of the principal focus from the focus of incident 
rays : the diſtance of the principal focus from the 
center or ſurface :: that diſtance : the diſtance of 
the principal focus from the focus of reflected rays 


upon the ſame line. 
Cor. 1. Hence the diſtances of the foci of incident and reflected 
rays from the center are in the ſame ratio as their diſtances from the 


ſurface. 1 
Cor. 2. Hence alſo if 4 = the diſtance of the focus of incident rays 


from the ſurface, r = the radius of the ſurface, the diſtance of the focus 
ar 5 
2dr 


of reflected rays from the ſurface = 


4 1. The 
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21. The focus of reflected rays in the laſt prop. 
lies the ſame way from the principal focus as the 
focus of incident rays, but on different ſides of 


either the center or ſurface. 


The two foci always move in oppoſite directions, and coincide at 
the center and ſurface. | 


22, If the focus of incident rays move, its ve- 
locity : the velocity of the reflected rays :: the 
ſquare of the diſtance of the principal focus from 
the focus of incident rays - the ſquare of half the 
radius. 


23. If parallel rays be reflected at a ſpherical 
ſurface, the fine of half whoſe arc =s, and radius. 
r; then when s 18 {mall in reſpect to r, the lon- 
gitudinal aberration from the geometrical focus = 


52 a '$ 3 
— nearly; and the lateral aberration = —. 
Ar 2r 


When the rays in a pencil diverge from a point, and either by re- 
flection or refraction are brought all together again, they then form a 
luminous point correſponding to that from which they diverged. By 
this means a new viſible object is formed, called the image of 1. other; 
for the eye now receives the rays as coming from this latter point, and 
therefore it judges the former point to be in the place of the latter. 
And as this is true for every point of any object, every object may 
thus actually be forined anew, ſo far as regards our viſible ideas. And 
the rays diverging to the eye from the image thus formed, after the 
ſame manner as if they came directly from the object, excite an idea 
of that image, or of an object equal and ſimilar to it. Now if the 
pencils of rays which diverge from all the points of an object be again 
reſpectively collected at the ſame diſtances, they then form a new vi- 
ſible object equal to that from whence they flowed; but if the points 
of this new object, called the image, correſponding to thoſe of the 
original object, be at a greater or leſs diſtance, they then form a new 
viſible object greater or leſs than the original one. Thus therefore 
we are able to form a new viſible object, very near to us, exactly ſimilar 
to an object at a great diſtance. I call this a viſible object, becauſe at 
the place where it is formed there are no correſponding tangible ideas, 
as in the object from whence the rays firſt lowed; but in reſpect to 
gr viſible ideas, which we are here only conſidering, it is as much an 

| : object 
/ 
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object as the other. The eye therefore may be ſo ſituated in reſpect 
to this new object, that it may appear much greater than the original 
object, every object appearing greater the nearer it is to the eye. Now 
in reſpect to the brightneſs of this new viiible object, we may conſider, 
that when the eye looks directly at any object, it receives no more rays 
from any one point than what can enter the pupil; but when an image 
is formed by à lens, for inſtance, all the” rays from any one point of 
the object wich fall upon the lens are collected together auf} form a 
point of the image. Now if the diameter of the pupil of the eye = 
o, 1 in. and the diameter of the lens = 5 inches, their areas will be as 
o,o: 25, Or as 1: 2500; there are therefore, ceteris paribus, 2 500 
times as many rays collected together to form every point of the 
image by the lens as enter the eye and form the 1mage, ſuppoſing all 
the rays to be refracted. Now although the rays diverge from every 
point of this image formed by the lens, and therefore where the eye 
is ſituated it may not receive them all, yet it being ſituated near to 
it, it will receive a very conſiderable part, and the more the nearer it 
is. Hence the number of rays which the eye receives from any point 
of this image may be greater than that which it receives directly from 
the object, and thus the image may bs. brighter than the object. Theſe 
are the reaſons why any diſtant object may be made to appear larger 
and brighter. And the common expreflion, that the object is brought 
nearer, is not incorrect; for the viſible object is actually nearer; but it 
not being accompanied with any tangible ideas, we call it an image 
of the other; whereas it is a viſible object formed by the ſame rays 
as the original viſible object was. Looking therefore at the viſible object 
thus formed, we get an idea of the original viſible object ſeen under 
the ſame angle, and from thence, by aſſociation, we conclude what are 


the correſponding tangible ideas. N 


24. If any object be placed before a plane re- 
flecting ſurface, the image will be equal to it, and 
ſituated at the ſame diſtance on the other ſide. 


Cor. Hence if a man look at his own image in a plane reflector, it 
appears at the ſame diſtance on the other fide, and is equal in magni- 
tude to himſelf. Alſo if he view the whole of his image in a plane 
reflector, he appears to fill a ſpace in the reflector equal to half his 
length and half his breadth, or one fourth of his area conſidered as a 


plane figure. 


The beſt reflecting ſurfaces which we have are ſuppoſed to reflect 
not above one half the light which falls upon them; the reſt enters and 


is loſt. 
2 5. If two plane ſpeculums be placed parallel! 
to each other, and any object be put between them, 
a number of images will appear in each ſpeculum 

V ſituated 
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"tuated one behind another in a perpendicular to 
e ſpeculums paſſing through the object. 


If 4 be the diſtance of the ſpeculums, and æ the diſtance of the object 
from one of them; then the diſtances of the images ſeen in that ſpe- 
culum from that ſpeculum will be x, 24—x, 24+x, 44—x, 44+x, &c. 
and in the other Hocking the diſtances of its images from it will be 
d—x,d+x, 34—x, 3d+x, &c. The further the images are from the 


ſpeculum the fainter they are. 


26. If the ſpeculums be inclined to each other, 
a ſet of images will appear in the circumference of 
a circle whoſe radius is the diſtance of the object 


from the concourſe of the planes. 


LE M M A. | 
If a be an arc of a circle of 10 to the radius 1, and be to » as any 


other arc is to its radius; then 7 : 8 2: 19: = the angle ſubtended 
W | 

27. If an object be ſpherical and concentric 
with a ſpherical reflector, the image will be ſphe- 


rical and concentric alſo with it. 


Cor. 1. If che object be a line, the magnitudes of the object and 
image are as their diſtances from the center or ſurface, that is, as 4: 


—-. If the object whoſe magnitude is mz be ſituated between the 

a | 

principal focus and ſurface, and an eye be ſituated at a greater diſtance 
a mo amro 


D from the ſurface, then, by the lemma, 5. 7 and DNB 


will be the apparent angles under which the object and image appear. 
Hence when 4 = Ar, or the object be ſituated in the principal focus, 


0 


2m 2 152 
2 55 which 1s the ſame where- 


the apparent magnitude of the image = 
ever the eye is placed. If the object be a ſpherical ſurface, we muſt 


take the duplicate ratio of 4: _— 


24 Or PA 
The angles are here ſuppoſed to be ſmall. Le 2 6%. 
Cor. 2. The object and image coincide, and conſequently become 
nal at the center and ſurface. c 5 . 
Strictly ſpeaking, when the object is at the ſurface it cannot be re- 


flected to form an image, and at the center the object can be only a 
„ M | point; 


for the ratio of their magnitudes. 


point; the corollary therefore muſt be thus underſtood, that as the ob- 
ject approaches the center or ſurface, the image approaches it at the 
ſame time, and the diitance between them keeps diminiſhing fine limite. 


28. The image 1s erect when it is on the ſame 
ſide of the center with the object, and inverted 


when on the contrary ſide. 


When the object is beyond the center in reſpect to the ſurface, the 
image is between the center and principal focus, by prop. 21. and 
therefore it is inverted; but if the eye ſhould receive the rays reflected 
from the ſpeculum before the image is formed, the image would appear 
erect; then as the eye recedes from the ſpeculum, the image will grow 
confuſed, and when the eye gets to the place of the image after re- 
flection, nothing diſtinct can then be ſeen, for the eye is then looking 
at an image cloſe to itſelf, and therefore there muſt be the ſame con- 
fuſion as when the eye looks at an object cloſe up to it; after that, as 
the eye recedes further back, the image will then begin to appear in- 
verted, becauſe the eye will then look at an inverted image. And in 
general, although the reflector or lens may form an inverted image, if 
the rays enter the eye before the formation of the image, it appears 
erect; but when they enter the eye after the image is formed, it ap- 


pears inverted. | | 87 75 
29. The image of a ſtraight line by reflection 
at a ſpherical ſurface is a conic ſection. 


If the object be placed at the diſtance of half the radius of the re- 
flector from the center, the image will be a parabola; if farther from 
the center, an ellipſe; if nearer to the center, an hyperbola. 


ON THE FOCI OF, AND IMAGES BY, REFRACTFD 
| "RAYS. | x 


30. When a ray of light paſſes out of one me- 
dium into another, the ſine of incidence is to the 


fine of refraction in a given ratio. 


We are here to underſtand rays of the ſame colour. The ſines of 
incidence and refraction of the moſt and leaſt refrangible rays out of 
glaſs into air are as 50: 7/ and 78; hence for the mean rays the ratio 
is 20: 31, or nearly as 2: 3, which is, in common, taken for the 
ratio oſ all rays. Out of rain water into air, theſe ratios are as 81: 
108 and 109; for the leaſt refrangible rays therefore the ratio is 3: 4, 


which, in common, is taken for that of all the rays, 


31. Light 
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31. Light cannot paſs out of a denſer medium 
into a rarer, when the ſine of incidence has a 
greater proportion to radius than it has to the 


ſine of refraction. 


The limit is when the proportion is the . Hence a ray cannot 
paſs out of water into air at a greater angle of incidence than 48. 30“. 
the ſine of which = 3 Of radius. Out of glaſs into air the angle muſt 
not exceed 409.11.. When the angle however is within the limit for 
the light to be refracted, ſome of the rays are reflected. 


32. As the angle of incidence increaſes, the 
| angle of deviation will increaſe. 


33. Parallel rays of the ſame colour falling upon 
a plane refracting ſurface, will continue parallel 


after refraction. 


34. Parallel rays of the ſame colour paſſing 
through a medium bounded by plane parallel ſur- 
faces, will continue parallel. 


35. If parallel rays paſs through a pr iſm whoſe 
eating angle is ſmall, and the angle of inci- 
dence be alſo very ſmall, and I and R be the angles 
of incidence and refraction, & the refracting angle, 
then the angle of deviation after the rays have 


patled through the priſm = ba 


Cor. Hence the deviation is in proportion to the refracting angle. 

36. If diverging or converging rays fall very 
nearly perpendicularly upon a plane refracting 
ſurface, the diſtance of the focus of incident rays 
from the ſurface : the diſtance of the focus of re- 
fracted rays :: the ſine of refraction : the fine of 
incidence, or as R: J. | 


My <7 We 


92 re 


We ſhall uſe J: R to expreſs the ratio of the ſine of incidence: the 
fine of refraction. | | 
37. If diverging rays paſs nearly perpendicularly 
through a medium bounded by two plane parallel 
ſurfaces, the diſtance between the foci of incident 
and emergent rays : the diſtance of the ſurfaces :: 
T: I—R, Tand R being the ratio of the fines of 
incidence and refraction at the firſt ſurface. 


38. If parallel rays fall very nearly perpendicu- 
larly on a ſpherical refracting ſurface, the diſtance 
of the focus of refracted rays from the ſurface : 
the radius of the ſurface :: I: IR or RI. 

"Tis focus is called the Principal focus. 


39. If diverging or converging rays fall very 
nearly perpendicularly upon a ſpherical refracting 
ſurface, the diſtance of the focus of incident rays 
from the principal focus: its diſtance from the 
center :: its diſtance from the ſurface : its diſtance 


from the focus of refracted rays. 


Cor. 1. Hence the two foci coincide at the center and ſurface. 
Cor. 2. 'The four diſtances in the propoſition lie all the ſame way 
from the focus of incident rays, or two on each fide. 
A concave ſurface of a denſer medium and a convex of a rarer give 
a divergency to rays; and a convex ſurface of denſer and concave of 
aà rarer medium give a convergency. 


40. If parallel rays fall very nearly 8 
larly upon a ſphere, and that diameter to which 
they are parallel be produced, if neceſſary; the focus 
after the rays have paſſed through the ſphere will 
biſect the diſtance between the focus at the firſt 
ſurface and the extremity of the above diameter 


which 1 1s on the contrary ney to the incident rays. 
I 


G . © 8 
If » = the radius of the ſphere, the diſtance of the principal focus 


from the center = by 50 B- If the ſphere be water, the focus lies at 


the diſtance of a radius beyond its ne if glaſs, that diſtance is half 
the radius. c 


41. If the line joining the centers of the ſur- 
faces of a lens be divided in the ratio of the re- 
ſpective radi, all the rays paſſing through that 
point will have their incident and emergent parts 


parallel. 
That point is called the center of the lens. 
Hence if the thickneſs of the lens be inconſiderable, the paſſage of. 
every ray which paſſes through the center may for all 2 per- 
poſes, be conſidered as a ſtraight line. | 
442. If the ſine of incidence out of air into a 
double convex or concave lens : the fine of refrac- 
tion :: I: R, and the radi of the two ſurfaces be 
n and u, the diſtance D of the principal focus 
mn R 
from the center of the lens = — x Ip the 


thickneſs of the lens being inconſiderable, and the 
rays falling nearly perpendicularly. | 
Cor. 1. If the lens be glaſs, and 7 be taken to R:: 3:2, this D= 


mM += 
Cor. 2. If one radius » > Wh infinite, or the lens become Plano. 


convex or concave, D=m X = Fe TOO for ſuch a glaſs lens, 
3 
D focal length is the ſame on which ever of the ſides 


the rays fall, the radii being ſimilarly involved. Alſo, all lenſes of the 
ſame focal length muſt have the ſame effect. 


43. If the lens be a meniſcus, or concavo- con- 
mu 0" 


X . 
n 1 K 


VCR, D = 


- 
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Theſe rules, though not mathematically true, are ſufficiently accurate 
for all practical purpoſes. 

Parallel rays on a convex lens, plano-convex lens and meniſcus, con- 
verge to the principal focus; but on a concave lens, plano-concave and 
concavo-convex lens, they diverge from the principal focus. As there- 
fore the rays would return back in the ſame lines, rays diverging from 
the principal focus in the former caſe, and converging to it in the lat- 
ter, become parallel after paſſing through the lens. 

To find the principal focal length of a convex lens, hold it parallel 
to a ſkreen which is perpendicular to the ſun's rays, and remove it 
backwards and forwards till you find the bright ſpot the leaſt you can 
make it, and the diſtance of the lens from the ſkreen is its focal length. 
Or remove it till the image be equal to the lens, and the diſtance is 
equal to twice the focal length. If the lens be concave, remove it 
from the ſkreen till the bright annulus ſurrounding a darker central} 
circle be equal in diameter to twice the diameter of the lens, and the 
diſtance of the lens from the ſkreen is the focal length. The circle in 
the center is darker than that part without, becauſe it receives only 
"thoſe rays which paſs through the lens, whereas the annulus beyond 
receives thoſe rays which paſs through the lens, and the direct rays of 
the ſun alſo. The part beyond the annulus receives the direct rays 
only, and therefore is darker than the annulus, but it is brighter than 
the central circle, becauſe the direct rays after refraction have their 
denſity diminiſhed by being rendered diverging. Hence therefore the 
quantity of light in the annulus is equal to the ſum of the quantities 


on each ſide. | 

44. If diverging or converging rays fall nearly 
perpendicularly upon a lens, the diſtance d of the 
focus of incident rays from the principal focus: 
its diſtance from the center :: that diſtance : the 
diſtance D of, the focus of incident and refracted 


rays. 
| R 
Hence, and from Prop. 42. A NH 2 X 2 2 24” D= 


— — 2 ? 
. be 2. -, for a convex lens; for a concave D = 
m XI -N N dM mu R | 

TAN NL NA 


— — — 


m +1 X1—R xd+mnR 


Hence the diſtance of the focus of refracted 


rays from the lens 8 -. Hence the diſtance of 
7 | mM IR AUA 
the focus of incident rays from the lens: the diſtance of the focus of 


refracted rays from the lens :: +» x 1—R Xd4{mnR : maR, Fora 


glaſs lens, this ratio becomes zz + 7: x4, zun. 


The 
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The focus of refracted rays lies the ſame way from the focus of in- 
cident rays as the principal focus does, 

By moving the focus of incident rays the focus of refracted roy 
moves in the ſame direction; and they meet at the lens. 

The proportion in the propoſition holds for rays falling on a ſphere, 
only aſſuming its principal focal length from the _ IAU of the 
principal focal length of the lens. 

45. If a medium be bounded by an ellipſe or 
hyperbole revolving about its major axis, and the 
major axis: the diſtance of the foct :: I: R, all 
rays parallel to the major axis, entering into the 
tormer or coming out of the latter, wal be re- 


fracted to the other focus. 


46. Let the ſine of incidence be to the ſine of 
refraction of the leaſt and moſt- refrangible rays, 
as p to m and 7 reſpectively, then if parallel rays 
fall on a plano-convex lens, the diameter of the 
aperture : the diameter of the circle of aberration 

in the focus of the lens :: -m: um - 2þ. 

Cor. 1. Hence if the lens be glaſs, p, m and u are 50,77 and 78 
reſpectively; hence the diameter of the circle of aberration th 
part of the diameter of the aperture. 

Cor. 2. Hence alſo the angle of aberration varies as the diameter of 
the aperture directly and the focal length inverſely. _ 

47. If parallel homogeneal rays fall upon the 
plane fide of a plano-convex lens, and » : m:: the 
ſine of incidence out of glaſs into air: the ſine of 
refraction, alſo let r = the radius of the aperture 
of the lens, and d=the diſtance of the principal 
focus from the ſurface of thoſe rays which fall, very 


near the center; then the longitudinal aberration 


3 * 
= 7X —> and the lateral aberration = 5 
m—n 24d M—11 
73 
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48. The diameter of the circle of aberration is 
equal to half the lateral aberration in the laſt pro- 


poſition. 


If the lens be glaſs, and we take : :: 20: 31, alſo if 2 inches, 
and the radius of the ſurface = 600 inches, the diameter of the circle 
; xs © 8 : 0 
of aberration = 88 6 * of an inch. This is the 
aberration from the ſpherical form of the glaſs. Now the aberration 
from the different refrangibility of the rays = , by prop. 46. Hence 
the former aberration : latter :: 1: 5449. The aberration there- 
fore from the form of the glaſs is ſo ſmall that it may be neglected. 
Before Sir I. NEewToON, the imperfection of refracting teleſcopes was 
fuppoſed to ariſe from the ſpherical figures of the glaſſes; but he has 
thus ſhown that it ariſes principally from the different refrangibility of 
light. He propoſed therefore to form the image of the object by re- 
flection, which would not be ſubject to a like imperfection, and for 
this purpoſe he conſtructed a reflecting teleſcope. 

As the aberration of rays from the different refrangibility of light 
is ſo great, it might be expected that an image could not be formed 
ſo free from colour as we find it; but the rays are not ſcattered uni- 
formly over the circle of aberration, but are much more denſe towards 
the middle, the denſity varying as the diſtance from the circumference 
directly and diſtance from the center inverſely, nearly. On account 
therefore of their quick increaſe of rarity as you recede from the cen- 
ter, only thoſe rays which are near the center are ſtrong enough to be 


vyible. 
49. An object in the water looked at in a di- 
rection perpendicular to the ſurface appears ele- 


vated + of its depth in the water. 


As the eye recedes from that perpendicular the object appears to 
riſe, and would appear at the ſurface if the eye were removed to an 
infinite diſtance. If a river be 6 feet deep it appears to be only 42 ft.; 
a perſon not appriſed of this might venture into water at the hazard 


of his life. 


50. The image of a ſtraight line by refraction 

at a plane ſurface, is a ſtraight line, but not equal 

to the object, or ſimilarly ſituated, unleſs the ob- 
ject is parallel to the ſurface. | 


All plane obje&s will be ſimilar to their images when they are pa- 
rallel to the ſurface; otherwiſe not. Hence alſo a ſtraight rod put 
into water appears bent at the ſurface, the image of the part within 


lying above the object. 
: 51. An 
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51. An object ſeen through a medium bounded 
by two plane parallel ſurfaces whoſe diſtance is 4 
5 TR 
appears nearer by d x - 7 by prop. 37. 
For the image of an object is formed by the images of every point 


of the object. If the medium be glaſs it appears nearer by 3a; there- 
fore an object ſeen through common glaſs does not appear to be ſen- 


ſibly altered. 


52. An object ſeen through a very ſmall hole 
appears inverted, becauſe the rays from the ex- 
treme parts of the object muſt have croſſed at the 


hole: . 

The rays of light are probably infected as they paſs by the edge of 
the hole, for it renders diſtant objects very diſtinct to a ſhort ſighted 
perſon, and has therefore the property of a concave lens. This effect 
however may perhaps partly ariſe from the ſmall number of rays ad- 
mitted to the eye, by which the confuſton to a ſhort ſighted perſon 
may in ſome meaſure be taken off. But from my own experience of 
the appearance of objects thus ſeen, I can have no doubt but that the 


former effect is produced. 


53. The image of a ſpherical object concentric 
with a lens, will be alſo ſpherical and concentric 
with it. | 

54. The image will be erect or inverted, accord- 
ing as it is on the ſame or different ſides of the 
center in reſpect to the object. 


In a convex lens the image will be erect when it is further from the 
lens than the principal focal length, and inverted when nearer. In a 


concave lens the image is always erect. 
When the image is inverted, if the eye receive the rays before they 


form the image, the object appears erect; then as the eye recedes 
from the lens, a confuſion will come on till the eye gets to the image, 
where nothing. will appear; afterwards the object appears inverted. 


55. If r be the principal focal length, d the dis- 


tance of the object from the lens, then the diſ- 
| | Sets a tance 
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tance of the image from the lens =-,2,", where the 


lower or upper ſign takes place according as the 


lens is concave or convex. 


In a concave lens the image is always nearer than the object; in a 
convex lens it may be nearer or further off. | 


56. If the object be an arc of a circle, the mag- 
nitude of the object: the magnitude of the image 
: C Pri; but if it be a ſpherical ſurface, their 


. > | 
magnitudes are as dFr : 7*. 


57. The apparent diameters of an object to the 
naked eye, and ſeen through a lens, are as their 
magnitudes divided by their diſtances from the 
. 
An object always appears diminiſhed when ſeen through a concave 
lens, and magnified in a convex lens when nearer than the principal 
focus, unleſs the lens 1s cloſe to the obje& or eye, in which caſes the 
apparent magnitude is not altered. If a linear object whoſe mag- 
nitude is v be placed beyond the principal focus of a convex lens, 


and the eye be on the other fide at the diſtance from the lens, the 
apparent magnitude to the naked eye, and the apparent magnitude in 


avs 4 „ e Now if 
d + m an ee eee OW 1 , 


the lens will, by the lemma, be 


a 


or the object be ſituated in the principal focus, theſe become and 


mM +r 


0 : | | 

=. Which ſhows that as the eye recedes from the lens, the apparent 
FF . . Y i 

magnitude of the object to the naked eye dimiuithes, and the apparent 


magnitude of the image will remain the ſame. If n r, the magni- 
av? 
E+4 
image is the ſame at all diitances of the object from the lens. In all 
theſe caſes the angles are ſuppoſed to be very ſmall. ee a. 163. 

In viſion by images, as Mr. HARRIS in his excellent Treatiſe of 
Optics obſerves, we are generally deprived of many circumſtances” by 
which we uſaally judge of diſtance, which makes it very difficult in 


moſt caſes to judge of the place of an image, if it be further off than 
| | | TT 2 or 
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tudes become and ; hence the apparent magnitude of the 
7 


— 


2 or 3 yards. Theſe difficulties are again increaſed by ſome peculi- 
arities belonging to images, which we are not accuſtomed to obſerve, 
and for which therefore we are at a loſs how to make proper allowances. 

In reſpect to the idea of apparent magnitude, as the ſame author 
obſerves, it is difficult to aſcertain preciſely, how far, or in what pro- 
portion, apparent diſtance affects it. The viſual angle may be the ſame 
and yet the apparent magnitude very different: a pane of glaſs, for 
| inſtance, does not appear ſo big as the front of an houſe ſeen through 
it; nor does a child 2 feet high appear ſo big as a man 6 feet high 
at three times the diſtance, although in both caſes the viſual angle is 
the ſame. If we ſuppoſe an object to be at a greater diftance, and 
ſubtend the ſame angle as one at a leſs diſtance, we have an idea of a 
greater apparent magnitude. Mr. HARRIS therefore ſuppoſes, that 
apparent magnitudes are either exactly, or very nearly, in the compound 
ratio of the viſual angles and apparent diſtances. Hence when objects 
are ſo near that the apparent diſtances are judged to be the ſame as the 
true, the apparent magnitude is not altered by altering its diſtance; 
thus a man appears as big at the diſtance of 6 yards as he does at 1 yd. 
And it ſeems to be neceitary, that we ſhould have ſome certain means 
of judging of near diſtances, otherwiſe we might be frequeatly in great 
danger without perceiving it. But when, by increafing the diſtance 
of an object, or its image, the apparent diſtance does not increaſe ſo 
fait as its true diſtance, the apparent magnitude diminiſhes. For if 
m = the magnitude of the object, or its image, 4 = the real diſtance 
from the eye, D=the eſtimated diftance; then the apparent magnitude 
mM 
-— 
at all diſtances; but when D increaſes ſlower than 4, which is the caſe 
when they become of conſiderable magnitude, then the apparent mag- 
nitude diminiſhes. Hence, as we are led to judge of the fituation of 
an object, and more particularly ſo of an image, to be ſo very diffe- 
rent from their true place, it happens that our ideas of apparent mag- 

nitude differ ſo much from the viſual angles. This extends to all images 
both by reflection and refraction. The reader will find a great deal 
of ſatis faction upon the ſubject in Mr. Hazr1s's Optics. 


x D; hence, as long as D ga, the apparent magnitude 1s the ſame 


58. If in the place of a real image, that is, an 
image formed by rays converging, a white paper be 
placed, the image will be formed upon the paper. 


For the rays are then reflected from every point of the image in all 
directions, in like mannner as if it were a real object But when the 
paper is removed, the rays proceed only ſtraight forward, and there- 
fore the image can only be ſeen by an eye placed directly behind it. 


59. The image of a circular object concentric 
with a ſingle ſpherical refracting ſurface, will be 
alſo circular and concentric with it. 

5 N-2- 60. If 


2 
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60. If the object be linear, its magnitude and 
the magnitude of the image will be as their diſtances 
from the center. 


61. The1 image will be erect or inverted, accord- 
ing as it is on the ſame or different ſides of the 


center in reſpect to the object. 


62. The image of a raight line by refraction 


through a lens, is a come ſection. 


If the object be ſituated in the principal focus, the image is a para- 
bola; if nearer to the lens, it is an hyperbola; if further from the lens, | 


an ellipſe. 

63. If a ray of light paſs out of air into any 
medium at an angle of incidence whoſe fine , 
and the fines of refraction of the leaſt and greateſt 
refran gible rays be and u; then the arc, to ra- 
dius unity, meaſuring the whole diſperſion of the 


Nn — n 


rays = c being the coſine of refraction of 


the mean refrangible rays. 
For the ſame medium : 5 :; 1: wa conſtant ratio, and»; 5:1: 3 


hence the diſperſion = * 5 Let rays paſs out of air into flint 
c WWW 
glaſs, and © =1,565, w=1,595; let rays alſo paſs out of air into com- 


mon glaſs, at the ſame angle of incidence, then v= 1, 56, 0 = 1,543 

now as we may conſider c to be the ſame in both caſes, we have the 

diſſipating powers of theſe two mediums at the ſame angle of incidence 

| e „ __ 0,02 

865 N, 59 © 1,54X1,56 © 
When the rays fall very nearly perpendicularly, we may * s 

and c as conſtant, and the diſtpating powers will in chat 1 22 be al- 
. 20 


yet s as . 
b. 4-4 


3:2 very nearly. 


64. If a ray of light paſs FO a pile and 
| both refractions be the ſame way, the whole diſ- 
perſion 
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perſion of the rays will be the ſum of the diſper- 
ſions at going in and coming aut of the priſm, each 
of which may be computed by the rule in the laſt 
propoſition, having given the angle of incidence 
upon the firſt ſurface and the refracting angle of 
the priſm. 


If = the ſine of incidence on the firſt ſurface, c = coſine of refrac- 
tion, S = the fine of incidence on the ſecond ſurface, C the coſine of 
refraction, v and w as in the laſt propoſition; then the whole diſper- 


ſion = ys ——— If the refracted ray 


within the priſm be parallel to the baſe, s and C are the ſines and co- 


ſines of the ſame angle, and fo alſo are & and c. | 


65. Two priſms made of different kinds of glaſs 
may have their refracting angles ſo adjuſted, that 
when the refracting angle of one 1s applied to the 
baſe of the other, a ray of light paſſing through 
them ſhall have its incident and emergent parts 
parallel, and the emergent part ſhall be coloured. 


66. Two priſms may be made and applied as 
before, and the emergent ray ſhall be free from 
colour, but not parallel to the incident ray. 

Sir I. NewTox, after having determined the proportion of the fine 


of incidence to the ſines of refraction of different coloured rays, as 
given by his glaſs priſms, procedes to diſcover their proportions in 
different refracting mediums, He placed a priſm of glaſs in a priſmatic 
veſſel of water, and refracting the light through theſe mediums, he 
found that light, as often as by contrary refractions it was ſo corrected 
that it emerged in lines parallel to thoſe in which it was incident, con- 
tinued to be white; but if the emergent rays were inclined to the in- 
cident, the light became coloured. The concluſion from this ex- 
periment was, that the divergency of the different coloured rays was 
conſtantly in a given ratio to the mean refraction in all mediums. But 
in the year 1757, Mr. DoLLoND tried the ſame experiment and found 
the reſult to be very different; for when the light was refracted in 
contrary directions through the glaſs and water priſms, if the emer- 
gent rays were parallel to the incident rays, they were found to be 
confiderably coloured; from whence it followed that the diſperſion Ja 
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the rays of different colours was not in a conſtant ratio to the mean 
refraction in water as in glaſs, becauſe there was a diſperſion without 
any mean refraction. And further experiments proved that there was 
alſo a very conſiderable difference of the ſame kind to be found in dif- 
ferent ſorts of glaſs. This diſcovery of Mr. DoL LON D was fo extra- 
ordinary, and ſo contrary to the beſt eſtabliſhed principles, that Mr. 
EvuLer did not at firſt believe it. At length however Mr. ZEIHER, 
at Peterſburg, made experiments of a ſimilar kind, and convinced Mr. 
EvuLER that it was true. He ſhowed that it is the lead, which is uſed 
in ſome compolitions of glaſs, which produces that very extraordinary 
property of augmenting the diſperſion of the extreme rays, without 
ſenſibly changing the refraction of the mean. Mr. EULER, in a paper 
read at the Academy of Sciences at Berlin in 1764, was candid enough 
to confeſs that he did not at firſt credit the account, and thereby gave 
to Mr. DoLLonD the honour of the diſcovery. Notwithſtanding this 
declaration of Mr. EUuLtr, M. De ia LAN DE in his Aſtronomy pub 
liſhed in 1764, and Fuss in his Eulogy on EuLER, both aſcribe the 
invention to EULER. But it ſtill remains to be explained from whence 
aroſe this difference between Sir I. NeEwTox's and Mr. DoLLONPD's 
experiments. This Mr. P. Do.Loxd has done in a pamphlet, entitled, 
Some account of the diſcovery by the late Mr. JohN DoLLono, F.R.S. 
avhzich led to the great improvement of refratting teleſcopes. In NEw ToN's. 
time the Engliſn were not the moſt famous for making teleſcopes, and 
3 great many were imported from 7:aly, and particularly from Venice. 
The glaſs made at Venice was nearly of the ſame refractive quality as 
our crown glaſs, but of better colour. It is probable that NeEwTons's 
priſms were made of that glaſs, becauſe he mentions the ſpecific gravity _ 
of common plats to be to water as 2,58 : 1, which nearly anſwers to 
that of Venetian glaſs. Now Mr. DoLLO ND had a piece of that glaſs 
by him, of which he made a priſm, and trying the experiment with it, 
he found it anſwered very nearly to what NewrTon relates, the dif- 
ference being only ſuch as may be ſuppoſed to ariſe from the ſame kind 
of glaſs made at different times. Hence it appears, that NEwToN 
was accurate in his experiment, and had he uſed priſms of different 
glaſs, he would have made the diſcovery which led to the perfecting 
of refracting teleſcopes. | | 1 
Mr. Dol Lox p having diſcovered that different kinds of glaſs had 
different diſperſive powers, examined all the different kinds, and found 
that the difference of diſperſions was greateſt in the crown and white 
int glaſs. He therefore ground a wedge of flint glaſs at an angle of 
about 25 and ſeveral others of crown glaſs, till he found one with 
the ſame diſperſive power as the flint glaſs, and applying theſe toge- 
ther ſo as to refract in contrary directions, he found that the emergent _ 
rays were free from colour but not parallel to the incident rays. They 
were free from colour becauſe the diſperſive powers were equal and 
contrary, but not parallel to the incident rays, becauſe the mean re- 
fractive power of each priſm was different. In like manner he found 
that he could apply a wedge of crown glaſs to the flint which ſhould 
have the fame mean refractive but a different diſperſive power, by 
which means the emergent rays would be parallel to the incident, but 


would 


w 
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would be coloured. They would be parallel becauſe the mean refractive 
powers were equal and contrary, and coloured becauſe the diſperſive 
powers were unequal. Thus he could produce refraction without diſ- 
perſion, and diſperſion without refraction. 
Mr. Dor Lor p next conſidered, that as a ray might be refracted 
free from colour through a wedge, it might alſo through a lens. When 
an image of an object is formed by a convex lens, it appears coloured; 
owing to the diſperſion of the rays by refraction; às therefore rays can 
be refracted without diſperſion by priſms, he conceived that it might 
alſo be done by a combination of lenſes, And in this he ſucceeded, 
by conſidering, that in order to make two ſpherical glaſſes that ſhould 
refract the light in contrary directions, as in the two wedges, one muſt 
be concave and the other convex; and as the rays are to converge to 
a real focus, the exceſs of refraction muſt be in the convex lens, becauſe 
that makes rays converge and the concave makes them diverge. Alſo, 
as the convex lens is to refra& moſt it muſt be made of crown glaſs, as 
appeared from the experiments with the wedges, and the concave of 
white flint glaſs. Farther, as the angle of diſperſion varies inverſely 
as the focal length, very nearly, from the principles of optics, and the 
angle of diſperſional ſo varies as the diſperſing powers, therefore if the 
focal lengths be taken inverſely as the diſperſing powers, found from 
the two wedges, the angles of diſperſion will be equal, and being in 
contrary directions they will correct each other and the different re- 
frangibility of light will be removed. Upon this principal Mr. Dor 
LOND, was enabled to make a combined lens to form an image free 
from colour, and therefore brought to perfection the refracting tele- 
ſcope, making it repreſent objects with great diſtinctneſs, and in their 
true colours. Inſtead of forming the object glaſs with one convex lens 
of crown and one of flint glaſs, two convex lenſes of crown are uſed 
and the concave one of flint put between them. This conſtruction of 
the object glaſs tends alſo to correct the error ariſing from the ſpheri- 
cal form of the lens; for as the rays at the edge of the convex lens 
tend to a focus nearer to the lens than thoſe at the middle, the concave 
lens, which makes the rays at the edge diverge more than thoſe at the 
middle, will counteract the above effect, and bring the rays at all diſ- 
tances from the center of the lens to a focus more nearly together; 
and by a proper adjuſtment of the foci the diffuſion of rays at the focus 
may be rendered inconſiderable. Teleſcopes thus conſtructed are called 


Achromtatic, 


ON THF CONSTRUCTION OF OPTICAL INSTRU- 
MENTS. 


67. A ſingle microſcope is formed by one con- 
vex lens, having the object in the principal focus, 
and the linear magnifying power is equal to the leaſt. 

diſtance 
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diſtance at which the naked eye can ſee diſtinctly 
divided by the focal length of the lens. 


In this, and alſo in the next proportion, we compare the magnitude 
ſeen through the glaſs with that ſeen without it at the leaſt diſtance 


| of diſtin viſion, which is uſually about 6 or 7 inches; 
68. A compound microſcope is formed with 
two convex lenſes; the object 1s placed a little be- 
yond the principal focus of one, by which means 
a large inverted image 1s formed, and the eye glaſs 
is placed at the diſtance of its focal length from 
the image; by this combination, the linear magni- 
fying power 1s equal to the leaſt diſtance of diſtinct 
viſion multiplied by the diſtance of the image from 
the object glaſs, divided by the diſtance of the ob- 
ject from the object glaſs multiplied by the focal 


length of the eye glaſs. 


The object appears inverted becauſe the eye 6 inverted 
image. The brightneſs of the object is as the magnitude of the ob- 
ject glaſs; and the field of view as the e of the eye glaſs, all 
the other circumſtances being the ſame. 


69. A ſolar microſcope is formed by two convex 
lenſes, one of which is to receive the rays of the 
ſun and throw them upon the object to illuminate 
it; and the object being ſituated a little beyond the 
principal focus of the other lens, a. large inverted 
image is formed and received upon a 1kreen, and 
magnified, in linear dimenſions, as the diſtance of 


the image from the lens divided by the diſtance 
of the object from the lens. 


70. A magic lanthorn is formed by placing an 
obj ect a little beyond the principal focus of a con- 
vex lens, and receiving the image upon a ſkreen ; 
it therefore magnifies as the ſolar microſcope. 


'The 
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The object is illuminated by a lamp or candle, and the rays are ge- 
nerally received on the plane ſide of a glaſs ſegment of a ſphere and 
refracted to the object, in order to illuminate it more ſtrongly. 
51. A camera obſcura is a box with a convex 
lens put into a moveable tube, by which the images 
of diſtant objects are formed upon a plane in the 
box proper to receive them. - _ 


This ſhould be uſed when the ſun ſhines, otherwiſe the image will 
be faint. . 1 


TR The aſtronomical teleſcope conſiſts of a 
double convex lens object glaſs and eye glaſs, and 
the magnifying power is equal to the focal length 


of the object glaſs divided by that of the eye glaſs. 


The diſtance of the two glaſſes = the ſum of their focal lengths; and 
an inverted image being formed by the object glaſs is looked at by the 
eye glaſs. This is only uſed for aſtronomical obſervations, becauſe the 
objects appear inverted, which, for ſuch purpoſes, is of no conſequence. 

The brightneſs of the object is as the magnitude of the object glaſs; 


and the viſible area as the magnitude of the eye glaſs, the other cir- 


cumſtances remaining the ſame. . By proportioning the focal diſtances 
of theſe glaſſes, you may magnify as much as you pleaſe; but unleſs you 
can increaſe the quantity of light in proportion, the object will be- 
come indiſtinct for want of light. Now you can increaſe the quantity 
of light only by increaſing the magnitude of the object glaſs, which 
you cannot do, if ſingle, to a great degree without the object appear- 
ing coloured from the different refrangability of the rays of light. 
Here then is the great uſe of the achromatic object glaſs, which admits 
of being very large without ſeparating the colours, by which you caa 
form a very perfect ſtrong image. 8 


z. The terreſtrial teleſcope is compoſed of an 
object glaſs of a double convex lens, and three eye 
glaſſes, generally of the ſame focal length, and mag- 
nifies, in that caſe, as the aſtronomical teleſcope. 


The object glaſs firſt forms an inverted image, and then the two eye 
glaſſes next to it receive the rays and invert the image again, and the 
third eye glaſs is to look at this erect image. Hence the object ap- 
pears erect, and therefore is fit for terreſtrial obſervations. In the belt 
teleſcopes the object glaſs is achromatic, and forms a colourlels image; 
but it might here be expected that the ſecond image formed by the eye 

laſſes, they not being achromatic, would be coloured, which is not 
the caſe; the reaſon is, that the 3 of the eye glaſſes is but 3 
an 
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and the diſperſion of the rays in the focus is as the aperture, and there- 
fore here is but ſmall, and that may be removed by 2 adjuſt- 
ment of the eye glaſſes, and increaſing their number. See Mr. Ra Mus- 
DER's Paper on this ſubject in the Phil. Tranſ. 1783. © 


74. GALILEO's teleſcope 1s formed by a convex 
lens object glaſs, and concave eye glaſs, whoſe diſ- 
tance is the difference of their focal lengths, and 
the magnifying power is equal to the focal length 
of the former divided by that of the latter. 


The eye glaſs intercepts the rays before the image is formed by the 
object glaſs, and therefore the object appears erect. The brightneſs 
is as the magnitude of the object glaſs; and the viſible area is as the 
magnitude of the pupil of the eye, and will be greater alſo the nearer 
the eye is to the glaſs, all other circumſtances being the ſame. 


75. Sir Isa Ac Nxwrox's reflecting teleſcope is 
formed by placing a concave reflector to receive 
the rays and form the image; but thoſe rays are 
received after reflection, before the image is formed, 
upon a plane reſlector making an angle of 45 
with the axis of the reflector, by which means the 
image is throw out of the axis and lies parallel 
to it, where it is looked at by an eye glaſs. The 
magnifying power of this teleſcope is the focal 
length of the reflector divided by that of the eye 
—_— } 


The brightneſs 1s as the magnitude of the reflector; and the field of 
view as the magnitude of the eye glaſs, all other circumſtances being 
— on | : | 

This teleſcope was conſtructed by Sir I. Nęwro in order to form 
an image free from colour, which at that time could not be done by 
\ refraction, Since therefore the invention of the achromatic teleſcopes, 
theſe have been of leſs uſe; for the image, although free from colours, 
15 not ſo ſharp and diſtinct as by refraction. Inſtead of a plane ſpecu- 
lam to reflect the light, a right angled priſm is ſometimes uſed, fo that 
tue rays enter and go out of the two ſides including the right angle 
perpendicularly, and are reflected at the third fide, which reflection is 
ftronger than from a plane ſpeculum. The third fide is not quick- 
filveced over, for without quickſilver it will reflect all the light inci- 
dent upon it from the ſpeculum. FE | 

| f Since 
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Since the time of Sir I. NeEwToON, refle&ing teleſcopes have been 
uifferently conſtructed. Dr. Gazcory formed the image by a con- 
cave reflector, and then at a little diſtance beyond the image from that 
reflector he placed another concave reflector which formed a ſecond 
image, which is viewed through a hole in the center of the firſt re- 
flector by a convex eye glaſs. Mr. Cassfcrain afterwards made a 
ſmall alteration in the conſtruction, by placing a ſmall convex reflector 
to receive the rays before the image was formed by the firſt reflector, 
by which he formed an image which was viewed as before. This con- 
ſtruction has ſome advantage over the former, for as one reflector is 
convex and the other concave, the error ariſing from the ſpherical form 
of the firſt reflector is partly corrected by the ſecond; whereas in the 
other form it would be increaled.  _ | 


76. When a ſhort ſighted perſon uſes a tele- 
fcope, he muſt puſh the eye glaſs nearer to the 
object glaſs; the contray for a long ſighted perſon. 

77. The denſity of light varies inverſely as the 
ſquare of the diſtance from the point from which 
it diverges. | | 

Hence the quantity of light received by a teleſcope from an objet 
yaries inverſely as the ſquare of the diftance of the object from the 
teleſcope, and conſequently the brightneſs of the object ſeen througi 
it muſt vary in the ſame ratio, every thing elſe being the ſame. By 
denfity we do not here mean the number of particles in a given ſpace . 
of three dimenſions, but the number on a given plane. 


ON THE RAINBOW: 


78. If a ray of light enter a ſphere of a denſer 
medium, and after ꝝ reflechons within it emerge; 
then if a = the angle of incidence, = the angle 
of refraction at the entrance, the angle under the 
incident and emergent rays =24— 2uꝰ N 

When the number of reflections is odd, it is the angle between the 
rays; when the number is even, it is the angle on the other fide. 

79. When the angle under the incident and 
emergent rays is a maximum or minimum, the 
tangent of the angle of incidence : the tangent of 
refraction :: n+1 : 1. 
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As the medium, in the following propoſitions, is ſuppoſed to be 
water, the ſine of incidence: the fine of refraction for the leaſt refran- 


gible rays as 77 : 50, and for the greateſt as 78: 50. 


80. The ratio of the ſines and tangents of in- 
cidence and refraction being given as in the two 
laſt hs ren the angles themſelves may be 
found. 

$1. The rainbow 1s formed by the refraction 
and reflection of the ſun's rays on talling drops 
of rain. 

82. Rays are ſaid to be efficacious when a ſuff- 
cient number of any one colour comes to the eye 
to excite the idea of that colour. 


83. Rays are moſt efficacious when thoſe of the 


ſame colour emerge parallel. 
For then they keep together and all enter the eye. When the rays 
emerge parallel, they will, when produced to meet the incident rays, 


make equal angles with them. 


84. If they make equal angles with ENY aides, 


that angle mult be either a maximum or minimum. 
For when a quantity 1s either a maximum or minimum, it is at that 


time neither in an increaſing or decreaſing ſtate. 


8 5. Hence the angle of incidence found in prop. 
8. is the proper angle to render the rays effica- 


cious. A 

86. As the rays of different colours have diffe- 
rent degrees of refrangibility, the angle of inci- 
dence, to render the rays efficacious, muſt be diffe- 
rent for the different colours. 


87. The primary bow is cauſed by two refrac- 


tions and one reflection, and all the rays are re- 


flected from the ſame point. 
88. The 


88. The ſecondary bow is cauſed by two re- 
fractions and two refleChons, and all the rays from 
the firſt to the ſecond reflection go parallel. 


Hence as ſome rays are loſt by refraction at every reflection, the 
primary bow is brighter than the ſecondary. 


89. In the primary bow the leaſt refrangible 
rays are uppermoſt; and in the ſecondary bow 


the moſt refrangible are uppermoſt. 


Hence the order of the colours in the two bows is inverted. 

Red is the leaſt refrangible ray, and then orange, yellow, green, 
blue, indigo, violet; this therefore is the order of the colours from the 
upper to the under fide of the primary bow, and from the under to 


the upper fide of the ſecondary. 


90. The bow appears circular, for the eye is in 
the vertex of a cone, in the ſurface of which all 
the drops lie which render the rays of any one 


colour efficacious. 


The angle which the ſide of the cone makes with the axis is equal 
to the angle under the incident and emefgent rays when efficacious; 
this angle is called the ſemidiameter of the bow, and may be computed, 
by firſt computing the angles of incidence and refraction when the rays 
are efficacious by prop. 80. and then prop. 78. will give the angle. In 
the primary bow, the angles for the leaſt and greateſt refrangible rays. 
are 429.2'. and 400. 17“.; and for the ſecondary, they are 509. 57'. and 
549% 7. The difference of theſe reſpective angles would be the breadth 
of each bow if the ſun were a point; but as it is not, the breadth will 

be. increaſed by the breadth of the ſun, or 32. Hencęg the breadth of 
the primary bow is 29. 15. and that of the ſecondary 30. 42'. The axis, 
of the cone is directed to the ſun, and hence the jun is directly oppoſite 
to the center of the bow. 2 


91. The ſemidiameter of the bow is equal to 
the altitude of its higheſt point added to the alti- 


tude of the ſun. 
Hence the altitude of the higheſt point 15 equal to the ſemidiameter 
of the bow dimimiſhed by the altitude of the ſun. The primary boy 
therefore cannot be ſeen unleſs the ſun's altitude is leſs than 429.2". 
nor the ſecondary unleſs it is leſs than 54% 7, When the ſun is in 
the horizon each bow appears a ſemicircle, becauſe the center then lies 
in the horizon; the bow therefore never can appear larger. | 


ON 
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ON THE EYE AND VISION, 


92. The eye is formed of ſeveral mediums, which 
have the power of forming, upon optical princi- 
ples, the images of objects before it upon the back 
part; the formation of which, in ſuch a ſituation, 


is the cauſe of viſion. 


The eye is perfectly globular, except that the fore part is a little 
more convex than the reſt. It conſiſts of three mediums, or humours ; 
that in the front 1s a tranſparent fluid like water, and is therefore called 
the aqueous humour; the next is called the cryſtalline humour, and is an 
hard ſubſtance like the white of an egg boiled, and in the form of a 
double convex lens having its back ſurface of the greateſt curvature; 
the hindermoſt is called the vitreous humour, and is ſomewhat like to 
ſoft jelly. The whole globe, except the fore part, 1s ſurrounded by 
three coats; the outermoſt is called the clerotica; the next the cloroi des, 
and the innermoſt the retina. The coat of the more prominent part 
before is called the cornea, being like horn, and is perfectly tranſparent. 
Adjoining to the choroides, on the front of the eye, and in the aqueous 
humour, is an opaque membrane called the weg, in the middle of 
which there is a hole, called the pupil, for the admiſſion of light; this 
the eye has the power of contracting or enlarging for the admiſſion of 
leſs or more light, as the circumſtances of viſion may require. The 
cryſtalline humour is ſuſpended by a muſcle, called the procęſſus ciliares, 
and ſometimes the ligamentum ciliare. The ſeveral coats and ſurfaces 
of the humours are ſo ſituated as to have one ſtraight line, called the 
axis of the eye, perpendicular to them all. At the bottom of the eye, 
a little towards the noſe, there is a nerve which goes to the brain, 
called the opzic nerve. This is a continuation of the retina. The 
nerves from each eye meet before they come to the brain. 

Now the refractive powers of the aqueous and vitreous humours have 
been found by experiment to be abour the ſame as common water, and 
that of the cryſtalline is a little greater: that is, the fine of incidence 
to refraction out of air into the aqueous humour is as 4: 3, out of the 
aqueous into the cryſtalline as 13 : 12, and out of the cryſtalline into 
the vitreous as 12: 13. Hence the aqueous and the vitrious humours 
being ſuppoſed to have the ſame refractive power, may be conceived 
to form one medium in which the cryſtalline humour is fituated; the 
rays are therefore firſt refracted at the cornea into this medium and are 
made to converge; and then falling upon the cryſtalline humour, or 
convex lens, are made to converge more, and come to a focus at the 
bottom of the eye; the whole may therefore be conſidered as a kind of 
compound lens. That the pictures of all objects are formed upon the 
bottom of the eye appears from hence, that if the ſclerotica at the 
bottom of the eye be taken off, the pictures of the objects before the 
eye will appear on the bottom, | 

| A table 


- 


A table of the dimenſions of the human eye at a medium. 
Diameter from the cornea to the choroides - = A Po, 
Radius of the cornea - 0 8 - 335 
Diſtance of the cornea from the firſt ſurface of the cryſtalline „106 
Radius of the firſt ſurface of the cryſtalline 5 331 
Radius of the back ſurface of the cryſtalline 8 0 25 

Thickneſs of the cryſtalline - 5 373 


93. Having given the focus of incidence of rays 
upon the eye, the refraction of the mediums, and 
the radii of the cornea and each ſurface of the 
cryſtalline humour, the focus after refraction may 


be found. 


For the focus of rays refracted at the cornea may be found by prop. 
38. and that focus is the focus of rays upon the cryſtalline lens; hence 


by prop. 44. the focus after refraction by the lens may be found. 


If viſion ariſe from the formation of the image upon the retina, or, 
as ſome imagine, upon the choroides, it is manifeſt that a different 
conformation of the eye is neceſſary for diſtinct viſion at different diſ- 
tances. Some think it is a change in the length of the eye; others a 
change in the figure or poſition of the cryſtalline humour; others that 
it is a change in the cornea. Any of theſe changes would produce 
the effect, and ſufficient experiments have not yet been made to deter- 
mine with certainty which 1s the true opinion. As the rays ſuffer a 
greater refraction at the cornea, than they do afterwards, it is manifeſt 
that a leſs change in the radius of the cornea will effect the buſineſs, 


than will ſuffice in any other part of the eye. 


94. A long ſighted perſon muſt uſe a convex 
lens to ſee a near object diſtinctly; and a ſhort 
ſighted perſon muſt uſe a concave lens to ſee a diſ- 


tant object diſtinctly. _ 


A long fighted perſon has either the cornea, or cryſtalline humour, 
or both, too fat, and therefore the image of a near object would be 
formed beyond the bottom of the eye; this may be corrected by a con- 
vex lens, which makes rays converge more, and thereby form the image 
on the bottom of the eye. But a ſhort fighted perſon has them too 
ſpherical, and therefore the image 1s formed 5 the rays come to 


the bottom of the eye; to correct this, and form the image on the bot- 
tom, a concave lens muſt be uſed, Which makes rays diverge. If be 
the diſtance at which either perſon can ſee diſtinctly with the naked 
eye, and 7 the diſtance at which he wants to ſee with the glaſs, then 


_—_ is the focal length of the glaſs. Thoſe who uſe glaſſes ſhould 
1 | have 


2 i 


have them as accurately as poſſible adapted to the eye, otherwiſe they 
Will ſtrain the eye. It is a common opinion that looking through 
glaſſes is detrimental to the eye; but this is ſo far from being true, 
that, to preſerve the eye, thoſe who want them ought to uſe them, other- 
wiſe the eye will continually be ſubject to be ſtrained by endeavouring 
to ſee objects diſtinctly. Alſo opticians, who are continually examining 
tcleſcopes, find no inconvenience from it. 


95. The vibrations communicated by the optic 
nerve to the brain, from the impulſes of the rays 
of light upon the bottom of the eye, are ſuppoſed 


to cauſe the ſenſe of ſeeing. 


This is the opinion of Sir I. NgEwTon. He ſuppoſes alſo that the 
ſeveral ſorts of rays make different vibrations, which accordingly excite 
ſenſations of different colours, much after the ſame manner that diffe- 
rent vibrations of air excite ſenſations of different ſounds. "The flaſhes 
of lightning ſometimes perceived by a blow upon the eye, or the co- 
lours from preſſing the eye ſideways, are probably owing to the ſame 
kind of vibrations being excited, as by the impreſſions of light. Such 
g as theſe tend to confirm the hypotheſis, that viſion is cauſed 

y ſome motion excited in the optic nerve, by the impulſe of light. 
The ideas we have from the impreſlians of light remain for a ſmall 
time, as is manifeſt from the phænomenon of a burning coal appearing 
like a ring of fire, when whirled ſwiftly round. The ſtronger the 
light is the longer the ſenſation remains, as appears from looking at the 
fun, in which caſe the ſenſation will continue ſome miuutes. All 
theſe circumſtances render it very probable that the ſenſation ariſes 
from a vibrating motion. h 

Sir I. NEwTor ſuppoſes that every point of the retina of one eye, 
hath 1ts correſponding point on the other; from which two ſlender 
pipes filled with a liquid go along the optic nerve, and meeting before 
they come to the brain, their joint effect produce but one ſenſation. 
Hence if an eye be diſtorted, objects appear double, becauſe corre- 
ſponding points of the image do not fall upon theſe correſponding 
points of the retina. When we lock directly at an object, the axis of 
both our eyes are directed to it, and the correſponding points of each 
image agree with thoſe of the retina, and the object therefore appears 
ſingle; but at the ſame time any other object in the ſame line either 
nearer or further off appears double, hecauſe correſponding points of 
each image do not, in this caſe, fall on thoſe of the retina. If you ſhut 
one eye, the object not looked at directly then appears ſingle. In a 
matter however of ſo much uncertainty, it is no wonder that different 
authors have invented different hypotheſes, 

When the image of an object falls upon the optic nerve, the object 
becomes inviſible to that eye. Hence an object cannot become inviſi- 
ble to both eyes at the ſame time, becauſe the image cannot fall upon 
the optic nerve of each eye at the ſame time. An object ſeen with 
both eyes appears about 7. or 1 brighter than with one eye. Th 
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The angle ſubtended by the leaſt viſible object cannot be very ac- 
curately aſcertained, as it depends upon the colour of the object, and 
the ground upon which it may be ſeen; it depends alſo upon the eye. 
Mr. Har&1s thinks the leaft angle for any object to be about 400; 
and at a medium about 20. | | 

To the generality of eyes the neareſt diſtance of diſtinct viſion is 
about 7 or 8 inches. Hence if we aſſume 7 inches for that diſtance, 
and 2 minutes for the leaſt viſible angle, a globular object of leſs than 
about 2th part of an inch cannot be ſeen. See Harr1s's Optics 
upon theſe ſubjects. | | 


96. The eye, as to ſenſe, corrects the different 
refrangibility of the rays of light. 

For objects ſeen by the naked eye are not tinged with the priſmatic 
colours. EuLER ſuppoſed the eye to be perfectly achromatic, Dr. 
MaASKELYNE in the Phil. Tranſ. 1789, has examined this point, and 
taking the dimenſions of the eye from Mr. PETIT, and the refractive 
powers of the different mediums from Mr. HauxsBEe, has computed 
the diameter of the circle of aberration upon the retina, and found it 
to be ,002667 of an inch; a quantity too ſmall to be perceived. He 
thinks ſome ſuch an angle of aberration as this is neceſſary in order to 
account for the ſenſible diameters of tome of the fixed ſtars. 
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I. GREAT circle of a ſphere is that whoſe plane paſſes through 
its center; and a /ma/l circle is that whe plane does not paſs 
through its center. | | 
2. A diameter of a ſphere perpendicular to any great circle, is called 
the axis of that circle, and the extremeties of the diameter, are called 
its poles. | 5 
Hence the pole of a great circle is 90 from every point of it upon 
the ſurface of the ſphere; but as the axis is perpendicular to the cirele 
when it is perpendicular to any two radii, therefore a point on the ſur- 
face of a ſphere gov. diſtant from any two points of a great circle will 
be the pole. | | 
3. All angular diſtances on the ſurface of a ſphere to an eye at the 
center, are meaſured by the arcs of great circles; for then being arcs 
to equal radii, they will be as the angles. | 
Henee all triangles formed upon the ſurface of a ſphere for the ſo- 
lation of ſpherical problems, muſt be formed by the arcs of great circles. 
4. All great circles muſt biſe& each other; for paſſing through the 
center of the {ſphere their common ſection muſt be a diameter, which 
biſects all circles. | 5 
5. Secondaries to a great circle are great circles which paſs through 
its poles. 
Gor. 1. Hence ſecondaries mult be perpendicular to their great circle; 
for if one line be perpendicular to a plane, any plane paſſing through 
that line will alſo be perpendicular to it; hence as the axis of the great 
circle is perpendicular to it, and is the common diameter to all the 
ſecondaries, they muſt all be perpendicular to the great circle. Hence 
alſo every ſecondary muſt biſect its great circle, and every ſmall circle 
parallel to it; for the plane of the ſecondary paſſes through not only 
the center of the great circle, but alſo of the ſmall circles parallel to it. 
Cor. 2. Hence a great circle paſſing through the poles of two great 
circles, muſt be perpendicular to each; and, vice versa, a great circle 
perpendicular to two other great circles muſt paſs through their Pow 
6. A circle appears a ſtraight line to an eye in its plane; hence 
in the repreſentation of the ſurface of a ſphere upon a plane, thoſe 
circles whoſe planes paſs through the eye are repreſented, by ſtraight 


hnes, 
7. The 


* 


AS T RON O M x. „ 


7. The angle formed by two great circles on the ſurface of a ſphere 
is equal to the angle formed by the planes of the circles; and is mea- 
| ſured by the arc of a great circle intercepted between them deſcribed 
about the interſection of the circles as a pole. | 
For let C (fig. 7.) be the center of the ſphere, PLE, PRE two great. 
circles; draw the tangents Px, Pz, then the angle xPz = the angle 
formed by the two circles; and as theſe tangents are perpendicular to 
the common interſection PCE, the angle between them is equal to the 
angle between the planes, by Eu. B. 11. def. 6. Now draw C2, CR 
perpendicular to PCE; then the angle CR is the angle between the 
planes, and therefore equal to the angle formed by the two circles, 
and this angle is meaſured by the are Q of a great circle, which arc 
has for its pole the point P by def. 2. becauſe P, PR are each goo. 
8. If at the interſection of two great circles as a pole, a great circle 
be deſcribed, and alſo a ſmall circle parallel to it; the arcs of the great 
and ſmall circles intercepted between the two great circles contain the 
{ame number of degrees. 5 5 ; 
For draw AB, AD perpendicular to PCE, then as AB, AD are pa- 
rallel to C2, CR, the plane ABD is parallel to the plane 2CR, and 
therefore the ſmall circle BD of which A is the center is parallel to the 
great circle 2R; and as each angle BAD, 2CR, meaſures the incli- 
nation of the planes they muſt be equal, and conſequently the ares BD, 
A contain the ſame number of degrees. Hence the arc of ſuch a 
ſmall circle meaſures the angle at the pole between the two great circles, 
Allo QR: BD :: 2C : BA:: radius: col. BY. | | 
Cor. Hence QR is the greateſt diſtance between the two circles; 
and if from R, a point oe. from P, a great circle & be drawn per- 
pendicular to P2, the arc RY is the meaſure of the angle at 7). 
The axis of the earth is that diameter about which it performs 
its diurnal motion; and the extremities of this diameter, are called its 
les. | : | 
10. The terre/trial equator is a great circle of the earth perpendicu- 
lar to its axis. Hence the axis and poles of the earth are the axis 
and poles of its equator. That half of the earth which lies an the fide 
of the equator which we inhabit, is called orth, and the other auth; 
and the poles, are called the north and ſouth poles... 
11. The /atitude of a place on the earth's ſurface, is an arc meaſured 
from the equator upon a ſecondary #0 it. | | 
12. The longitude of a place on the earth's ſurface, is the are upon 
the equator between a ſecondary ta it paſſing through the place, 
and another ſecondary paſſing through any other place from which 
you begin to meaſure. EEK | | 
13. If the plane of the terreſtrial equator be produced to the ſphere 
of the fixed ſtars, it marks out a circle, called the celeſtial equator ; and 
if the axis of the earth be produced in like manner, the points in the 
heavens to which it is produced, are called poles, being the poles of 
the celeſtial equator. The ſtar neareſt to each pole, is called the pole 
ſtar. 12 
14. Secondaries to the celeſtial equator, are called circles of decli- 


nation; becauſe the declination of an heavenly body is its angular dif. 
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tance from the equator meaſured upon a ſecondary to it. Of theſe, 24, 
which divide the equator into equal parts, each containing 156, are 
called Hur circles. 

15. Small circles Parallel to the equator, are called parallels of de- 
clination. 

16. The ſenſible horizon, is that circle in the heavens which bounds 
the ſpectator's view. The rational horizon, is a great circle in the hea- 
vens paſſing through the carth's center parallel to the ſenſible horizon. 
17. If the radius of the earth to the place where the ſpectator ſtands 
be produced both ways to the heavens, that point vertical to him, is 

called the zenith, and the oppoſite point the nadir. 

_ Hence the zenith and nadir are the poles of the rational horizon. 

18. Secondaries to the horizon, are called vertical circles, becauſe 
they are perpendicular to the horizon, by def. 5. cor. 1. ; on theſe circles 
therefore the altitude of an heavenly body may be meaſured. 

19. A ſecondary common to the equator and horizon, and which 
therefore paſſes through the poles of each, by def. 5. cor. 2. is called 
the meridian. | 

20. The meridian of any place divides the heavens into two hemi- 
ſpheres, one of which is called the ea/terr, and the other the weſtern 
hemiſphere, 

21. Toa ſpectator on the north ſide of the equator, that direction 
which paſſes through the north Tb is called aorth, and the oppoſite 
direction ſouth; hence the meridian which paſſes through the zenith of 
the ſpectator and through the poles, muſt cut the horizon in the north 
and ſouthi points. 

22. A vertical circle which cuts the meridian of any Place at right 
angles, i is called the prime vertical; and the points where it cuts the 
horizon, are called the eaf? and we points. | 

Hence the caſt and weft points are goo. diſtant from the north and 
ſouth. Theſe four, are called the cardinal points. 

23. The azimuth of an heavenly body is its diſtance on the horizon, 
when referred to it by a fecondary, from the north or fouth 8 
The amplitude is its diſtance from the eaſt or weſt. 

24. Small circles parallel to the horizon are called ahnicenthars. 

25. The eclibtic is that great circle in the heavens, which the ſun 
appears to deſcribe in the courſe of a year. 

26. The ecliptic and equator being great circles, the points where 
uy biſect each other are called the eguinoctial points. 

wwe The ecliptic is divided into 12 equal parts, called 2 Ens; Aries 

„ aurus 8, Gemini II, Cancer S, Leo N, Virgo p, Libra =, 
Scorpio il, Sagittarius 7, Capricornus W, Aquarius, za, Piſces c. 
Ihe order of theſe is according to the motion of the ſun, The firſt 
int of Aries coincides with one of the equinoctial points, and the 

firſt point of Libra with the other. 

28. The motion of the heavenly bodies according to the order of 
the ſigns, is called direct, or in conſeguentia; and the motion in the con- 
way direction, is called retrograde, or in antecedentia. 

The real motion of all the planets is according to the order of the 


fiens, but * e motion Is mac in 2 contrary * 
| : ons 
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29. The right aſcenſion of a body is an arc of the equator between 
the firſt point of Aries, and a declination circle paſſing through the 
body, meaſured according to the order of the figtis, 

30. The oblique aſcenſion, is the diſtance from the firſt point of Aries, 
to that point of the equator which riſes with any body, meaſured ac- 
cording to the order of the ſigns. | 

31. The aſcenſional difference, is the difference between the right and 
oblique aſcenſion. | . . D 
32. The longitude of an heavenly body, is an arc of the ecliptic be- 
tween the firſt point of Aries, and a ſecondary to the ecliptic paſling 
through the body, meaſured according to the order of the ſigns. 

33. The latitude of an heavenly body, is its angular diſtance from 
the ecliptic, meaſured upon a ſecondary to it drawn through the body. 
If that angle be ſeen from the earth, it is called the geocenzric latitude, 
but as ſeen from the ſun, it is called the heliocentric latitude, os 
34. The egquinottial colure, is a ſecondary to the equator paſſing 
through the equinoctial points: the /3/:#ial colure, is a ſecondary com- 
mon to the ecliptic and equator. Hence the ſolſtitial colure paſſes through 
the poles of the equator and ecliptic, by def. 5. 1 : 

35. The zropics are two parallels of dechnation touching the ecliptic. 
One touching 1t at the -beginning of Cancer, is called the tropic of 
Cancer; and the other touching 1t at the beginning of Capricorn, is 
called the tropic of Capricorn. | 
36. The arctic and antarctic circles are two parallels of declination, 
the diſtance of which from the two poles, is equal to the diſtance of 
the tropics from the equator, bs | 

37. A body is in conjunction with the ſun when it has the /ame lon- 
gitude; and in oppo/itzon, when the difference of their longitudes is 
1809. The conjunction is marked thus G, and the oppoſition thus 5 . 

38. The elongation of a body is its angular diſtance from the ſun . 
ſeen from the earth | Te Re wg 
39. The diurnal parallax is the difference between the apparent 
places of the bodies in our ſyſtem when referred to the fixed ſtars, ſeen 

rom the center and ſurface of the earth. Es 
40. The argument, is a term uſed to denote any quantity, by which 
another required quantity may be found. For example, the argument 
of that part of the equation of time, which ariſes from the unequal an- 
gular motion of the earth in her orbit about the ſun, is the ſun's ano- 
maly, becauſe the equation depends Ce upon the anomaly, and 
the latter being given, the former is immediately found. The argu- , 
ment of a planet's latitude 1s its diſtance from the node, becauſe upon 
this the latitude depends. | 3 

41. The nodes, are the points where the orbits of the primary planets 
cut the ecliptic, and where the orbits of the ſecondaries cut the orbits 
of their primaries. That node is called aſcending where the planet paſs . 
from the ſouth to the north fide of the ecliptic; and the other is called 
the deſcending node. The aſcending node is marked thus Q, and the 
deſcending thus . 5 8 
42. The angle of commutation, is the angle at a planet formed by 
two lines one drawn to the earth and the other to the ſun; hence 3 
=, % | © ON | : 8 8 ang - 
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angle is the difference of the places of the planet ſeen from the earth 
and ſun. | 
43. The angle of po/ition, is the angle at an heavenly body formed 
by two great circles, one paſſing through the pole of the equator, and 
the other the pole of the ecliptic. 1 
Characters uſed for the Sun, Moon, Planets: the Sun O; the Moon 
C3 Mercury ; Venus 2; the Earth ©; Mars &; Jupiter X; 
Saturn I, ; the Georgium Sidus HL. | | 


ON THE APPARENT MOTIONS OF THE HEAVENLY 
BODIES, THE DOCTRINE OF THE SPHERE, AND 
PRINCIPLES OF DIALLING. 


1. The ſun appears to deſcribe the ecliptic in 
365d. 6h. 9. 10",37; in which time it is found 
to be only twice in the equator. This is called a 
fidereal year. Ke 


Cor. Hence the ecliptic is inclined to the equator. 1 
The time the ſun deſcribes the ecliptic is found by taking the diffe- 
rence between its longitude and that of any fixed ſtar, and then ob- 
ſerving when that difference becomes the ſame again; and the interval 
of thoſe times gives the time in which the ſun appears to make a com- 
plete revolution in the heavens. If 360 be divided by 365 d. 64. gf. 
10”,37 it gives 590.8“, the ſpace the ſun avould deſcribe in one day 
if all the days were of the fame length, or the ſpace deſcribed in a 
mean ſolar day. Let a clock be adjuſted to go 24 hours in a mean ſo- 
lar day; then as the mean increaſe of the ſun's right aſcenſion in 24 
hours is 59/.8”. the earth in a mean ſolar day muſt deſcribe about its 
axis 3609. 59'. 8”.; but when the earth has deſcribed 3609. the fame 
fixed ſtar returns to the meridian; hence 360. 59..\8”. : 3600. :: 24 K. 
: 23h. 56. 4”. the length of a fdereal day in mean ſolar time. 
The interval of time from the ſun's leaving the firſt point of Aries, 
till his return to it, is 3659. 5h. 48'.48”. This is called a zropical year. 
The return of the ſun to the firſt point of Aries, before it has com- 
leted its revolution amongſt the fixed ſtars, ſhows that the interſection 
of the equator with the ecliptic has a retrograde motion, called the 
preceſſion of the equinoxes. By comparing the place of the firſt point of 
Aries as obſerved by the antient aſtronomers with its preſent ſituation, 
it appears that its motion in 100 years, is 1. 23'. 40”. 


2. All the heavenly bodies appear daily to de- 
ſcribe circles, coincident with, or parallel to, the 
equator. | | 


This is a conſequence of the earth's rotation about its axis. 
1 | | The 


AS RO “ q—G 
The motions of all the bodies in our ſyſtem are referred to the fixed 
ſtars, whoſe relative ſituations not being altered by our own motion, 


they are conceived as placed in the concave ſurface of a ſphere having 
the _ in the center. | 


. Thoſe bodies which are on the ſame ſide of 
the equator with the ſpectator, continue longer 


above the horizon than below ; thoſe on the con- 


trary fide continue longeſt below. 


Hence when the fun is on the ſame fide of the equator with the ſpec- 
tator, the days are longer than the nights; when on the contrary fide, 
the nights are longeſt. Hence the variety of ſeaſons ariſes from the 
inclination of the ecliptic to the equator. 

As the orbits of the moon and planets are alſo inclined to the equa- 
tor, a variation of the times of their continuance above and below the 
horizon will alſo take place. | 


. If a ſpectator be in the equator, all the hea- 


* bodies continue as long above the horizon 


as below. 
Hence to a ſpectator at the equator the FA are abrays. 12h, long. 


5. If a ſpectator be at the pole, all the fixed ſtars 
appear to deſcribe circles paralle] to the horizon, 
the equator now coinciding with the horizon; 
therefore they never riſe and ſet. 


6. To a ſpectator at the pole, the ſun appears 
above the horizon all the time he is on the ſame 


ſide of the equator with the ſpectator; and below - 


the horizon, all the time he 1s pn tþe contrary fide. 


Hence to a ſpedator at the pole, there is * a year * and * 
a year night. 
57. In north latitude, thoſe bodies which have 
north declination riſe between the eaſt and north; 
and thoſe which have ſouth declination riſe be- 
tween the caſt and ſouth. 


8. The 


/ 
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8. The altitude of the pole above the horizon 
is equal to the latitude of the place. 


If in lat. 459. a ſpectator travel 69,2 miles upon the meridian to- 
wards the north, the pole will be 1. higher, Hence, ſuppoſing the 
earth to be a ſphere, its circumference would be 24912 miles, and ra- 
dius 3964: but the figure of the earth is a ſpheroid, whoſe polar dia- 
meter: the equatorial :: 229 : 230, according to Sir I. NEwTow. 


9. The latitude of a place may be found by ob- 
ſerving the greateſt and leaſt altitude of a circum- 
polar ſtar, corrected for refraction, and taking half 
their ſum. , Here foe anus lch. e, He for. 0» Heck. 


10. All thoſe eee Age, not further from 
| the pole than the Iatitude & the place, never ſet. 


Theſe are called circumpolar Rars. 


II. If the declination of a fixed ſtar be known, 
the ſum or difference of its, meridian altitude and 
its declination, according as the ſtar 1s on the con- 

' trary or ſame ſide of the equator with the ſpec- 
dator, will give the latitude of the place. : 


| 12. The altitude of that point of the equator 

| which is upon the meridian, or the inclination of 
the equator to the horizon, is equal to the com- 

| plement of the latitude. 8 | 


| 13. The greateſt declination of the ſun is equal 
| to the inclination of the ecliptic to the equator. 


| 14. The inclination of the equator to the 
| ecliptic, is equal to half the difference between the 
| ſun's meridian altitudes on the longeſt and ſhorteſt 
days. 8 5 Es 
The inclination at this time is about 239. 280. ; but it reaps gradually 
diminiſhing at the rate of about in a year. This ariſes from the 
variation of the ecliptic, which is owing to the attraction of the planets 


| 
| 
, 7 : 2 g 850 5 W 
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upon the earth, by which the plane of its orbit is continually varying. 
The whole variation however can never exceed much more than a de- 
 gree. It will decreaſe for a conſiderable time, and then increaſe again. 


15. The angle 4 contained between the meri- 
; cf, a5, 
dian of any place, and the circle of declination 


paſſing through the fun, turned 259 pa: at the 
tl 


rate of 15* for an hour, gives the time from ap- 
parent noon. Oh Hor lee. a7 e, | 


This is not accurate, becauſe the ſolar days are not all equal to 24 
hours, bit to 24/.=e the variation of the equation of time for that day, 
according as the equation is increaſing or decreaſing: hence to get the 
time more accurately, ſay, 300 : a* :: 24h. = et the time. The time 
is here ſuppoſed to be mean ſolar time, meaſured by a clock which 
goes 24 hours in a mean ſolar day. This quantity e is ſometimes 3o”, 
and therefore if a9 = 609 the correction is 5”. If extreme hcecuracy 
were alſo required, the change of declination mutt alſo be conkdand' 
which in the moon may be conliderable. | 
If Z (fig. 8.) be the zenith of any place, P the pole, & the fun, and 
theſe points be joined by the arcs of three great circles, then ZS, ZP, 
PS, are the complements of the ſun's altitude, of the latitude and of 
the ſun's declination reſpectively; alſo the angle ZPS is the meaſure of 
the time from apparent noon, and SZP is the azimuth from the north. 


16. Given the latitude of the place, the ſun's 
altitude and declination, to find the hour and azi- 


muth. | 

By ſpherical trig, ſin. SP x fin. ZP: rad.* :: fin. 1 x $Z + $P—PZ 
Xx ſin. 2 X SZ+ P -S: fin. + ZPS,, hence Z PS is known, which 
converted into time at the rate of 1 50 for an hour, gives the time from 
apparent noon. Alſo ſin. SZ x fin. ZP: rad. :: fin. 1 x SP + $Z— ZP 


— — 


x fin. 1 x $SP+ZP—SZ : ſm. 4SZP, hence the azimuth SZP from 


Zar. 


the gorth E. RS 7 


7 
17. Given the latitude of a place, the altitude, 


right aſcenſion and declination of a fixed ſtar, to 


find the time. 


See my Practical Aſtronomy, pag. 53, where the reader will find the 
rule with an example; alſo an example to find the time by the ſun, 


Theſe are the methods uſually praRtiſed at ſea for finding the time. 


Q 18, Given 
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18. Given the latitude and ſun's declination, to 


find its altitade on the prime vertical, and the time. 


In this caſe the angle Z is a right one; hence cof. ZP: ra. :: col. 
SP; col. 26, or, ſin. lat.: rad. : - fin, e : fin. of the altitude. Alſo 
rad. : cot. PS :: tan. PZ : coſ. ZPS, or rad. die cot. lat.: 
col, ZPS, which converted 1 into time, gives che time from apparent 
NOON. 


19. Given the latitude and ſun's declination, to 


find the altitude at 6 o'clock. 


Here the angle ZPS is a right one; hence rad. : cof. ZP :: cof. PS 
: Col. 20, or rad. : fin, tat. bs. dec. : lin, of the 8. ah 


20. Given the latitude and ſun's declination, to 
find the time of its riſing, and azimuth at that time. 


When one fide of a ſpherical triangle = 992, the triangle may be 
ſolved by the circular parts, juſt as when one angle is a right one, by 
taking the angles adjacent to the ſide of 900 and the complements of 

the other three parts for the circular parts; for if we conceive the ſup- 
plemental triangle to be taken, it will have a right angle, and the ſine, 
cofine and tangent of any arc is the ſame as of the ſupplement, regard 
not being had to the ſigns of the two latter, which is here of no con- 
ſequence. This circumſtance. is not, that I know of, taken notice. of 
by any writers on {ſpherical trigonometry. Hence, as 28 9 in this 

caſe, rad: cot. SP :: cot. ZP: coſ. Z PA, or rad. : tan. dee. :: tan, lat. 

: coſ. of the hour angle from apparent noon. This ſuppoſes that the 
body i is upon the rational horizon at the inſtant it appears; but upon 
account of refraction, bodies in the horizon appear 33. higher than 
their true places; hence they become viſible when they are 33“ below | 
the horizon. Alſo bodies in our ſyſtem are depreſſed by parallax; 
hence when ſuch bodies firſt appear, ZS =90*+ 33'—hor. par. Alſo 
in. ZP © rad. :: col. &; fin. FAS, or x col; lat. : rad. : : fin, dec. : ſin, 


of azimuth Fram the north, 


21. Given the latitude f ſun's declination, to 


find the time when twilight begins. 


Twilight begins when the ſun is about 18? below the horizon; ; hence 
Z8=—1089; therefore fin. SP xfin. ZP: rad.*:: fin. 5 * 108. T -A 


X fin. 1 X 108%. TFP ſn. 1 2585, hence ZPS is known, which 
converted into time, gives the time from apparent noon. Twilight is 
cauſe by the refraction of the ſun's rays by the atmoſphere. It is 
obſeryed that the diſtance of the ſun below the horizon when twilight 
ends in the evening, is greater than its diſtance from tire horizon in the 
dt 7 it be 1 10 it 1s A allo in ſummer than in winter. 


22. As 
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22. As the apparent diurnal motion of the ſun 
about the axis of the earth is at the rate of 15 in 
an hour, if the earth were tranſparent and the axis 
opaque, its ſhadow would revolve at the ſame rate, 
being always projected into the meridian oppoſite 
to the ſun. | | 


23. If we conceive a plane paſſing through the 
center of the earth, comciding with the rational 
horizon of any place, and night lines be drawn 
from the center to the points where the hour 
circles cut that plane, they will repreſent the hour 
lines on an horizontal dial for that place. . 

In every dial the gnomon, when fixed, is parallel to the earth's axis, 
and on account of the ſun's great diſtance compared with the radius of 
the earth, the apparent motion of the ſun may be conceived to be the 
ſame about the gnomon as about the earth's axis, and therefore an ho- 
rizontal dial may be conſtrued ſimilar to the conſtruction in the pro- 
poſition. Now when the ſun is in the meridian, the 12 o'clock hour 
circle is perpendicular to the plane, and the arc from the pole to the 
plane is equal to the latitude of the place, and the 1 o'clock hour circle 
makes an angle at the pole with it of 15 and forms the hypothenuſe 
of a right angled triangle to the above perpendicalar, and the baſe is 
the arc meaſuring the angle between the 12 and 1 o'clock line; to find 
which we have, by ſpher. trig. rad. : fin. lat.:: tan. 15: tan. of the 
hour angle between 12 and 1 o'clock. If inftead of x59 we put 309, 
452, Kc. we ſhall get the angles between the 12 and 2, 3, &c. o'clock 
lines. | _ 


24. If we conceive a plane paſſing through the 
center of the earth perpendicular both to the ho- 
rizon and meridian, and on the ſouth ſide lines 
be drawn from the center to the points where the 
hour circles cut that plane, they will repreſent the 
hour lines on a vertical ſouth: dial. 


Hence a vertical ſouth dial may be conſtrued in a manner ſimilar 
to this conſtruction. In this cafe, the arc of the meridian from the 
pole to the plane, is equal to the complement of latitude; hence, for 
the ſame reaſon as before, rad. : col. lat.:: tan. 159 : tan. of the hour 
angle between 12 and 1 o'clock. In like manner, as before we get 


22 . . the 
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the other hour angles. Upon the ſame principles, the hour angles 
may be calculated for any other plane. 

The general principles of dialling may alſo be explained i in the fol- 
lowing manner. Inſert an axis in a cylinder; divide the circumference 
of one end into 24 equal parts, and draw lines from them to the center, 
and theſe lines will be the hour lines for a polar dial. From theſe 
points of diviſion, draw lines upon the ſurface of the cylinder parallel 
to the axis, and cutting the cylinder through by any ſection, draw lines 
from tieſe parallel lines to the center of the ſection, and placing the 
axis of the cylinder parallel to the earth's axis, you have a dial for 


that plane. 
ON PARALLAX AND REPFRACTION. 


25. Every body appears elevated, by the 1 


tion of the atmoſphere, above its true place. 


This follows from the common principles of Optics. Tab. 1. gives 
the refraction at all altitudes. 


26. Every body appears depreſſed by parallax 

below its true place in a vertical circle; and the 
fine of the parallax varies as the fine of the zenith 
diſtance directly, and the diſtance of the body from 


the center of the earth inverſely. - * 

The horizontal parallax of the ſun, as determined from the tranſit 
of venus, is 8,7; hence if we take the radius of the earth = 3964 
miles, we have fin. 8,7 : rad. ;: 3964 : 94000474 miles, the ſun's 
Ges. The real diſtance of 118 ſun being thus known, and their 
relative diſtances from their periodic times, the real diſtances of all the 


planets will be known. 
The diſtance of the fixed ſtars is ſo great that they have no diurnal 


parallax. It appears alſo that they have no annual parallax. 

When the altitude of a body is obſerved, it muſt be corrected by 
parallax and refraction, adding the former, and ſubtracting the latter, 

in order to get the true altitude, or the altitude above the rational ho- 


Tizon at the center of the earth. 


ON. PRACTICAL ASTRONOMY, AND THE INSTRU- 
 _ MENTS FOR THAT PURPOSE. 


27. The VERNIER is a graduated index move- 


able againſt the arc of a W or any gradu- 
ated 
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ated line, in order to ſubdivide it to a greater de- 
gree of accuracy than could be done by an actual 


ſubdiviſion. 


The principal is this: if equal arcs A of the cundincit and its index 
be divided, one into 1 LS A the gther 1 into z + 1 equal parts, the diffe- 


. If 4= 70, and each 


rence of the ler of each diviſion = — 
A nxn+1 


degree be divided into 3 equal 1 then A is divided into 21 equal 
parts; and if an arc 4 of the index be divided i into 20 equal parts, the 


, 


difference of each diviſion = 2 _ —=T Hence when any two di- 


viſions coincide, the diſtance of the next two = 1', of the next two 
=2', of the next two = 3', &c. This method of ſubdiviſion is applied 
to moſt quadrants. 


28. The TRANSIT TELESCOPE is a teleſcope 
moveable about an horizontal axis, and ſo adjuſted 
as to make its line of collimation deſcribe a great 
circle paſſing through the pole and zenith, or the 
meridian of the plane. 


The line of collimation is the line j Joining the center of the object 
glaſs and the center of the croſs wires in its principal focus. One of 
the croſs wires paſſing through the center is perpendicular to the ho- 


rizon, and conſequently it coincides with the meridian. Hence when 


any body comes to this wire it is in the meridian. The uſe of this 


inſtrument is to take the right aſcenſions of the heavenly bodies, and 


to correct the going of the clock. 


A fidereal day is the interval between the two ſueceſſive paſſages 0e 


a fixed ſtar over the meridian:” A /olar day is the interval between 
the two ſucceſſive paſſages of the ſun's center over the meridian; theſe 
days are not all equal. If we conceive the year to be divided into the 
ſame number of days of equal lengths, ſuch a day, is called a nean ſolar 


day. A clock adjuſted to go 24 hours in a /idereal day, is ſaid to be 


adjuſted to /iderea/ time. If it be adjuſted to go 24 hours in a mean 
ſolar day, it is ſaid to be adjuſted to wear ſolar time. 


29. The interval of time between the two ſuc- 
ceflive pailages of a fixed ſtar over the meridian : 
the interval between the pa two fixed ſtars 

:: 360" : the difference of their £4 aſcenſions. 


Hence if we know the right aſcenſion of one ſtar, we can ſind the 
right aſcenſion of all the others. The method of firſt finding 2 righs 
cenſion 


i 
| 
© | 
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aſcenſion of a ſtar is explained in my Practical Afronomy, p. 86. If 
we thus compare the right aſcenſion of a known fixed ſtar with that of 
the ſan, moon, or a planet, we ſhall get their right aſcenſions. A clock 
adjuſted to ſidereal time, is that by which we determine right aſcen- 
ſions; tranſit clocks in obſervatories are therefore thus adjuſted. 


30. If x be the difference of the ſun's and a 
planet's motion in right aſcenſion in 24 hours, re- 
duced into time, ? the difference of their right aſ- 
cenſions in time when the ſun is on the meridian, 

247 . . | | 
then yp Be the time n apparent noon when 
the planet is on the meridian, where the upper or 
lower ſign prevails, according as the planet's or 
tun's motion is the greateſt. If the planet be re- 
trograde, x muſt be the ſum of the motions of the 
tun and planet with the ſign +. 


tx* 


r + —; = &c. the two firſt terms will be ſuffi- 

24 24 24 | 
eiently exact for all caſes except that of the moon, where it will be 
neceſſary to take the next term. The values of f and x may be put 
down in decimals, by tab. 2. Apparent noon is the time when the 
ſun's center is on the meridian. 

Ex. On July 1, 1767, the ſun's AR when on the meridian of Green- 
wich, was 6h.40'.25”, and its daily increaſe 4.8“; alſo the moon's 
AR, was 104. 36.8”, and its daily increaſe 42. 280, to find the time of 
the moon's paſſage over the meridian. Here ? 104.36'.8” —6h.40'. 
a= 3k. 5 43 = 39285, allo x = 42.28" == 4.8" 2 300. 20" = 


„6388; hence _ 5.16 5 2 10”; therefore 34. 55.43" + 6.16" 


+10".=44.2'.9". the time from apparent noon. If the equation of 
time be applied, it gives the time by the clock. 4 


31. The a$TRONOMICAL QUADARNT is an in- 
ſtrument for meaſuring the altitudes of the hea- 
venly bodies above the horizon. 


Some quadrants turn upon a vertical axis, by which the altitudes of 
bodies in any ſituation may be meaſured; others, called mural qua- 
drants, are fixed againſt a wall with their plane in the meridian, with 
which you can only meaſure meridian altitudes, Inſtead of a rn go 

or 


\ 
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for taking altitudes, Mr. RamsDan has invented a new inſtrument, 


called a circular inſtrument, which has many advantages over that of - 


the quadrant. A deſcription of this may be ſeen in my Practical 
Aro nom. After the altitude is taken it mult be corrected for parallax 
and refraction, by which you get the true altitude above the rational 


horizon. 


32. The latitude of the alike and the meridian 
altitude of a body being knowl, its declination 
wWIIIl be known. m 


33. The right aſcenſion and declination being 


known, the place of the body in "the; heavens is 


known. 


34. Given the right aſcenſion and declination: 
of an heavenly body, its latitude and longitude + 
may be computed. 


The beſt rule for this purpoſe is that iven Dr. a 
which the reader may ſee in my is he Afronomy, pag. 113. 
The foundation of all aſtronomy is to determine the ſituation of the 
fixed ſtars, i in order to refer the places of other bodies to them from 
time to time, and from thence to determine their proper motions. 


35. If equal altitudes of an heavenly body be 
taken on different ſides of the meridian, the mid- 
dle point of time between will give the time when 


the body is upon the meridian, if it have not 


changed its declination. 


The correction for the variation of declination may be ſeen in my 
Practical Aſtronomy, pag. 44. By this means the time when any body 
comes to the meridian may be found; and when applied to the ſun or 


a fixed ſtar, the rate at which a clock, adjuſted to mean ſolar or ſide - 


real time, gains or loſes may be determined. 


36. If a ſmall error m be ads in taking the 
altitude of the ſun or a ſtar; the correſponding 
rack. 
coſ. lat. x fin. azim. 
the time being found by prop. 16. 


error of time will be equal t to n & 


3 
43 


1 
* 
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The inveſtigation of this may be ſeen in my Practical Aftronomy, 
Pag. 42. | 
Hence when the latitude is ee the error in time is the leaſt upon 
the prime vertical, and is independent of the declination. To find 
the time therefore from an obſerved altitude of the ſun or a ſtar, it 
ſhould be taken upon the prime vertical, as heing ſubject to the leaſt 
error. In lat. 52. 12, if the error in altitude at an azimuth 44.22 
N 2 
be 4 the error in time = 1 613x600 =2',334 of a degree = 


* 336 the error of time. 


37. The EQUATORIAL INSTRUMENT conſiſts of 
three circles, the azimuth circle, the equatorial 
circle and the declination circle; the firſt may be 
adjuſted parallel to the horizon, the ſecond parallel 
to the equator and the third perpendicular to the 


equator. 


The declination circle has a teleſcope applied to it, whoſe line of 
collimation 1s parallel to that circle. | 
The uſes of this inſtrument are — to take the altitude of a body 
above the horizon — to determine the poſition of the meridian — to 
determine the time of the day — to find a ſtar or planet in the day 
time—to find the right aſcenſion and declination of a ftar, and to mea- 


ſure horizontal angles. 


38. The EQUATORIAL SECTOR is an inſtru- 
ment for taking the difference of the right aſcen- 
ſions and declinations of ſtars. ; 


There are various conſtructions of this inſtrument; Mr. GRAHAM 
conſtructed the firſt ; afterwards Dr. MasxELY NE conſtructed one upon 
different principles, which had many advantages over that by Mr, 


GRAHAM. 


39. The zEenITH SECTOR is an inſtrument 
conſtructed for the purpoſe of meaſuring ſmall 
angular diſtances from the zenith. 


This inſtrument was invented by Dr. Hook, in order to determine 
the annual parallax of the fixed ſtars, as, upon account of the length 
of its radius, it is capable of meaſuring ſmall angles with greater ac- 
curacy than the quadrant. It was with this inſtrument, that Dr. 
BraDLEY made his two admirable diſcoveries of the aberration of light 
in the fixed ſtars, and the nutation of the earth's axis. a 


49 A 
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40. A MICROMETER is an inſtrument invented 
at firſt to meaſure the angular diſtances of ſuch 
bodies as appear in the field of view of a teleſcope 
at the ſame time, or the diameters of the ſun, 


moon or planets. But the uſe was afterwards ex- 
- tended to meaſure the diſtances of bodies more 


remote from each other. 


41. Haprzy's QUADRANT is an inftrument 
for meaſuring the altitudes of bodies above the 
horizon, or the angular diſtance of any two bode, | 


whatever be their poſition. 


As this inſtrument is conſtructed to meaſure the angular diſtance of 
any two bodies, and as it will do this even when the obſerver is ſubje& 
to any unſteadineſs, it is extremely well adapted to find the longitude 
at ſea, by the moon's diſtance from the ſun or a fixed ſtar. With a 
good inſtrument the time found from taking the altitude of the ſun or 
a ſtar at land, may be depended upon to about 2” in our latitude, if 
the altitude be taken on or near the prime vertical. Altitudes at land 
are taken by reflection from an artificial horizon. The ſurface of all 
fluids are horizontal; but as they are ſubje& to be diſturbed by the 
wind, various contrivances have been invented to render reflecting 
planes horizontal by means of fluids. The altitude at ſea 1s found by 
the real horizon, allowing for the dip. 

A very full deſcription of all theſe inſtruments, with an account of 


their uſes, may be ſeen in my Practical Aſtronomy. 


42. A whirling table is an inſtrument to ſhow 
the doctrine of centripetal forces. | 


43. The eclipſareon is an inſtrument: to ſhow 
all the phænomena of a ſolar eclipſe. 


| By this inſtrument the time and quantity of an eclipſe at any place, 
may be determined to a very conſiderable degree of accuracy. | 


44. The figure of the earth, ariſing from the 
centrifugal force of its parts in conſequence of its 


rotation about its axis, may be ſhown by the re- 
R volution 
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volution of two braſs hoops placed at right angles 
to each other, and made to revolve about a com 
mon diameter. 


ON TE INEQUALITY OF SOLAR DAYS. 


45. By comparing the right aſcenſion of the 
ſun every day at noon with that of a fixed ſtar, 
it appears that the right aſcenſion of the ſun does 
not increaſe uniformly. 


46. As the earth revolves uniformly about its 
axis in the ſame direction in which it revolves 
about the ſun, and the daily increaſe of the ſun's 
right aſcenſion is not uniform, the ſolar days, being 
equal to the time of the earth's rotation + the time 
of its deſcribing an arc equal to the increaſe of the 

ſun's r1ght aſcenſion 1n a ſolar day, arenot all equal. 


47. If the motion of the earth in its orbit, or 
the apparent annual motion of the ſun, were uni- 
form and in the equator, the ſolar — would be 
all equal. 


For the right aſcenſion is meaſured upon the equator, and therefore 
in this caſe its increaſe would be uniform. Hence if we conceive an 
imaginary ſtar to move uniformly in the equator with the ſun's mean 


motion in right aſcenſion, the intervals of its tranſits over the meridian 


would be all equal. A clock therefore ſet to 12 when this ſtar is upon 
the meridian, and adjuſted to go 24 hours in that interval, would al- 
ways agree with the ſtar, that is, ſhow 12 at the time of the tranſit. 
Hence it is the ſame thing, whether we compare ſolar time with the 
time meaſured by this ſtar or by the clock. 

48. The ſun does not move in the equator, nor 
does it move uniformly ; therefore the ſolar days 
are not equal. Hence the inequality of ſolar days, 
ariſes from the inclination of the equator to the 


ecliptic, 


A8 TCO οτf D 
ecliptic, and the unequal angular velocity of the 


earth in its orbit. 


As the ſolar days are not all equal, a clock adjuſted as above de. 
ſcribed, would not always ſhow 12 when the ſun is on the meridian. 
The time from 12 when the ſun is on the meridian, is called the equa- 
tion of time. | e $1 

The time by the ſun is called apparent, and that by the clock true 
or mean time, 

The practical method of computing the equation of time not being 
given in any books of aſtronomy, we ſhall here give the inveſtigation, 
with an example. 

Let APLS (fig. .) be the ecliptic, AL the equator, A the firſt point 
of Aries, P the ſun's apogee, & the place of the ſun, draw Sv, Paw 
perpendicular to Av, and take Lu LP. When the ſan ſets out at P, 
let the imaginary ſtar ſet out at z with the ſun's mean motion in right 
aſcenſion or longitude, or at the rate of 59.8” in a day, and when # 
pailes the meridian let the clock be adjuſted to 12, in which caſe zwy 
15 the equation of time; theſe are the correſponding poſitions of the 
clock and ſun as aſſumed by aſtronomers.” Take zm = Ps, and when 
the ſtar comes to n, the place of the ſun, if it moved uniformly with 
its mean motion, would be at , but at that time let & be the place of 
the ſun. Now as the clock is adjuſted to 12 at the time the ſtar at z 
paſſes the meridian, and as at that time the ſun's true place in the 
equator is v, mv is the equation of time. Now s is the ſun's mean 
place, and as An A and am = Ps, . Am = APs, conſequently mu 
A Am =4v—APs. Now let a be the mean equinox, and draw 
ax perpendicular to Al; then Am = 4z + xm =Aa x col. aA R 
4+ Aa zn; hence mv =Av— 1: Aa- zn; now Av is the ſun's true 
right aſcenſion, i is the mean right aſcenſion or mean longitude, and 
Az is the equation of the equinoxes in right aſcenſion; hence the equa- 
tion of time is equal to the difference of the ſun's true right aſcenſion, and 
its mean longitude corrected by the equation of the equinoxes in right aſcen- 
fron, When Am is leſs than Av, true time precedes apparent, and when 
greater, apparent time precedes true; becauſe the earth turns about 
its axis in the direction A, or order of right aſcenſion, that body 
whoſe right aſcenſion is leaſt muſt come to the meridian firſt. This 
rule for computing the equation of time was firſt given by Dr. Mas- 
KELYNE in the Phil. Tranſ. 1764. 1 

As a meridian of the earth, when it leaves , returns to it again in 
24 hours, it may he conſidered, when it leaves that point, as approach- 
ing a point at that time 3600 from it, and at which it arrives in 24 
hours. Hence the relative velocity with which a meridian accedes to 
or recedes from is at the rate of 15% in an hour. Hence when the 
meridian paſſes through v, the arc wm reduced into time at the rate 
of 15% in an hour, gives the equation of time at that inſtant. Hence 
the equation of time is computed for the inſtant of apparent noon, 
Now the time of apparent noon in mean ſolar time, for which we com- 
pute, can only be known by knowing the equation of time. To com- 
pute therefore the equation on 9 day, we muſt aſſume the m—_— 
Ee 2 he 
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the ſame as on that day four years before, from which it will differ but 
very little, and it will give the time of apparent noon, ſufficiently ac- 
curate for the purpoſe of computing the equation. If you do not 


know the equation four years before, compute the equation for noon 


mean time, and that will give apparent noon accurately enough. 

Ex. To find the equation of time on July 1*. 179, for the meridian 
of Greenwich, by Mayer's Tables. 

The equation on July 1*. 1788, was 3'.28”, to be added to apparent 
noon, to give the correſponding mean time; hence for July 1*. 1792, 
at oll. 3. 28” compute the true longitude. | 


Mean Long. ©;Long.©'s Ap. N. 1. N. a. N. z. N.. 


Epoch for 1752. 9. 100. 50.0 , 36. 0. 230. 40 24112271123 478 


Mean Mot. July 15. 29. 23. 16,2 331634563120 27 
: 1+ | 
280% 1,1 


Mean Long. 3.10.13. 25, 4 3. 9. 24. 19 404 683 435 50 5 


Equ. Cen. — 1. 37, 1 3.10.13. 25,4 — ( 
X II 8 — Mean Anom. 


1 


True Long, 3. 10.1 Eur 


With this true longitude and obliquity 23% 2.48 4 of the ecliptic, 
the true right aſcenſion of the ſun is found to be 35. 1 1. 5. 4% 2 5; alſo 
the equation of the equinoxes in longitude = — 0,6; hence 


Mean Long. 35.100. 130.2 5% 4 


II of - O, L 0,55 

Mean Long. cor. 3. 10. 13. 24, 8 5 

Tr. AR. 3.11. 541,25 

Equ. 52. 16, 4 which converted into time gives 


3.29”,1 for the true equation of time; which muſt be added to ap- 
parent to give true time, becauſe the true right aſcenſion is greater 
than the mean longitude. | | 


ON THE SYSTEM OF THE PRIMARY PLANETS. 


49. Mercury and Venus revolve about the ſun 


in orbits included within that of the earth's orbit. 


For they have all the phznomena which bodies ſo revolving muſt 
neceſſarily have, that is, two conjunctions, one between the ſun and the 


8 earth, 


- 


earth, for they ſometimes appear to paſs over the ſun's . as black 
ſpots, and the other beyond the ſun, when they ſhine with full faces. 
Between theſe ſituations there is a certain elongation from the ſun 
which they never exceed. From inferior to ſuperior conjunction, Venus 
is obſerved to have all the phaſes of the moon from new to full. Mer- 
cury is alſo obſerved to have the fame phaſes. The former conjunc- 
tion is called i»ferior and the latter ſaperior. Theſe are called ptr 
planets. 

50. If the orbits of theſe planen were circular} 
the diſtance of each from the ſun would be to the 
earth's diſtance, as the ſine of its $ greateſt elongation 


to radius. 


The orbits are not circles but ellipſes, having the ſun in the focus; 
for upon that ſuppoſition their computed places are always found t 
agree with their obſerved places. Their greateſt elongations obſerved 
in different parts of their orbits are accordingly found to be different. 
That of Venus being greater than that of Mercury, Mercury muſt be 

nearer to the ſun than Venus. 

51. An inferior planet is direct through ſupe- 
rior conjunction and retrograde through inferior, 
between which ſituations it 1s found to be ſtati- 
onary. 

52. Venus is a morning ſtar from ine to 
ſuperior conjunction; and an evening ſtar from 


ſuperior to inferior. +] Lf 


The earth revolves in an epi about ae 
1 having the ſan in one of the foci. 


For the computations of the ſun's place upon this ſuppoſition, al- 
lowing for the diſturbing forces of the * are found to agree with 
obſervations. 


54. Mars, Jupiter, Saturn and the Georgium 
Sidus revolve in orbits including that of the earth. 


For they appear in oppoſition, from whence to conjunction they 
are full orbed, except Mars which is a little Gibbous in Quadratures. 
The Georgium Sidus was diſcovered by Dr. HeRSCHEL in 1781. 
Theſe a are ns Aut e er 


55. A 


* 
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55. A ſuperior planet is retrograde in oppoſition 
and direct in conjunction, between which ſitua- 
tions it is obſerved to be ſtationary. 


56. If à be the diſtance of a planet from the 
ſun, the earth's diſtance being unity, and x be the 
ſine of the angle of elongation at the earth when 


| | . : SO a | 

the planet is ſtationary, then x = TT 
the orbits being ſuppoſed to be circular, and the 
ſun in the center. 


57. When a planet is ſtationary, if = the tan- 
gent of its elongation, its diſtance @ from the ſun 


= > + 7 4 4. 

Hence if the elongation of a planet be obſerved when it is ſtationary, 
its diſtance from the ſun may be found compared with the earth's diſ- 
tance, upon ſuppoſition that the orbits are circular. If the excentricity 
of the orbit be ſmall, we ſhall thus get a very near value of the diſtance. 

Ex. In 1782, March 64. 6h. 14. 56” the Georgium Sidus was fta- 
tionary with 25.289. 40“. 27 apparent longitude, and 15˙. 53” latitude; 
now the place of the {un at that time was 115.172.37'; hence the diffe- 
rence of their longitudes was 35. 1 1. 12. 27, conſequently the diſtance of 
the planet from the ſun was 1019.12', being the hypothenuſe of a right 
angled ſpherical triangle, whoſe baſe was 101. 12. 27 and perpendi- 
cular 15.53“; hence ? = 5,05, conſequently a = 18,4 which is a near 
diſtance of the Georgium Sidus from the ſun, the diſtance of the earth 
from the ſun being unity. If we thus compute the diſtances of the 
ſuperior planets, it appears that the order of their diſtances from the 
ſun are Mars, Jupiter, Saturn, the Georgium Sidus. By computing 
their diſtances from the ſun in different parts of their orbits, it appears 
that they are not always at the ſame diſtanee from the ſun; and by 
aſſuming an elliptic orbit having the ſun in one of the foci, their com- 
puted places are found to agree with obſervation.” _ 


58. To determine the periodic time of a planet. 


Obſerve when a planet is in any point of its orbit, and after any 
number of revolutions obſerve when 1t comes to the ſame point again; 
- then divide that interval of time by the number of revolutions and you 
get the time of one revolution. The obſervations of the ancient aſtro- 
nomers are here very uſeful; for as they have put down the places of | 

| — | | che 


ASTHEONOMY.. , 


the planets from their obſervations, by comparing them with the places 
obſerved now, we take in a very great number of revolutions, and 
therefore if we divide the interval of time by the number of revolu- 
tions, if a ſmall error be made in the whole time it will affect fo 
much leſs the time of one revolution. 5 


59. 'Ehe ſquares of the periodic times of the 


| planets, have the ſame proportion as the cubes of 


their mean diſtances. 

This law was diſcovered by KEPLER, after having found their pe- 
riodic times and relative diſtances. Afterwards Sir I. NRW Ton proved, 
from the laws of gravity, that it muſt be ſo. 

60. If the planets moved in circular orbits, the 
time from conjunction to conjunction, or from 
oppoſition to oppoſition of any two, would be 
equal to the product of their periodic times di- 
vided by their difference. 


61. The viſible enlightened part of a planet 


varies as the verſed ſine of the exterior angle at the 
planet, of a triangle formed by joining the centers 


of the earth, ſun and planet. 


62. The geocentric latitude of a planet and its 
elongation from the ſun being known, the helio- 
centric latitude and longitude may be computed, 
the ratio of the diſtances of the earth and planet 
from the ſun being known. 


63. Two heliocentric latitudes of a planet, and 


the difference of longitudes being known, the place 
of the node and the inclination of the orbit may 
be computed. | 


The following table contains the relative diſtances, periodic times, 
places of the nodes, inclinations of the orbits to the ecliptic and places 
# the aphelia of the orbits, of all the planets, according to M. DE La 
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* 


Mean 


Dit. Sidercal Reyol. | Node in 17 50. — Aphelia 1750. | 


1780. 


— — — | 4 — — — noe ann 


Mercury 38710 874. 34.1 5.44 


— —— 


7 


14. . 20,43 %%. 0. 0 85.13% 33.58 


Venus 72333 224. 16. 49-11|2. 14. 26. 18 [3-23.35 fo. 7. 46. 42 
Earth ooo00 365. 6. 9. 12 3. 8. 39 34 
Mars 152309] 686. 23. 30. 361. 17. 38. 38 f. 5 1. 0 5. 1. 28. 14 


Jupiter 520279 4332. 14. 27. 1103. 7. 55. 32 1. 18.56 6. 10. 21. 4 
Saturn 954072 10759. 1. 51. 113. 21. 32. 22 2.20.50 8. 28. 9. 7 
Geor. Sid. 1908 18018 358. 150d. 18/4. 3. 12. 33. 31 0.40.20 11. 17. 6. 44 


The nodes, inclinations of the orbits and aphelia have a ſmall motion. 
Beſides theſe bodies which revolve about the ſun, there are others, 
| called comets, which revolve in very excentric ellipſes. Theſe, as they 
approach the ſun, have generally tails which increaſe till they come 
to their perihelia, and then decreaſe again. 'They are inviſible for the 
| greateſt part of their revolutions. | 
The diameters of the planets, Sun and Moon in Engliſh miles are, 
of the Georgium Sidus 33954, of Saturn 78236, of Jupiter 92414, of 
Mars 5195, of the Earth 7928, of Venus 7609, of Mercury 3189, of 
the Sun 877547, and of the Moon 2326. 5 
The mean ſemidiameter of the fun was here taken 16“. 3 accord- 
3 ing to the Nautical Almanac; and the mean ſemidiameter of the moon 
: 16.44% according to M. DE ra LAN DE. 

The Earth revolves about her axis in 234. 56“. 4” mean ſolar time; 
Saturn in 12. 134; Jupiter in 94.56; Mars in 24.40; Venus in 234. 
20 and the Sun in 2 5d. 104. 

The time of Saturn's rotation is computed from Dr. HE RSCHEL's 
ratio of its diameters, which he makes about 11: 10. The time of 
rotation of the other planets, or whether they do revolve about their 
axes or not, have not yet been determined. | 
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ON THE MOON. 
58 64. The moon revolves about the earth. 


65. The orbit which the moon deſcribes about 
the earth is an ellipſe, having the earth in one of 
the foci. 


| 

| 

For the computations of the moon's place upon this ſuppoſition, al- 
lowing for the diſturbing force of the ſun, agree with obſervation. 


66. The enlightened part of the moon varics 


| as the verſed fine of its elongation from the ſun. 


Hence, as the curve which divides the light from the dark part of 
the moon appears an ellipſe, its phaſes may at any time be delineated. 


| = EEO 


— 


8 


towards the earth. 


PNs 


of the year, are not all equal, owing to the action of the ſun upon it 
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67. If the angular velocity of the moon about 


the earth were equal to the angular velocity about 


her axis, the ſame face would always be turned 


68. The angular velocity of the moon about 
the earth is not uniform, but the angular velocity 
about her axis is uniform, therefore the ſame face 
is not always turned towards the earth. 


69. The time of the moon's rotation about her 
axis is equal to the mean time in her orbit, be- 


cauſe we never ſee the oppoſite ſide of the moon. 
The conſequence of the two laſt propoſitions is, that the moon ſome- 
times ſhows a little more of her eaſtern, and ſometimes of her weſtern 
limb, and this is called a /ibration in longitude. | 
_ 70. The moon's axis Is not perpendicular to the 
plane of her orbit, in conſequence of which, we 
{ee ſometimes one pole and ſometimes the other; 


this is called a /ibration in latitude. 


The inclination of her axis to her orbit is 6.40% 


71. In north latitudes when the moon's right 


aſcenſion is nothing, her orbit at the time of her 


riſing makes the leaſt angle with the horizon; there- 
fore the difference of the times of riſing on two 


ſucceſlive nights is then the leaſt. 


In September this happens when the moon is at the full, and this is 
called the harveſt moon. The ſame circumſtance takes place every 
month, but as it does not happen at the time of the full moon, it 1s 
not taken notice of. When her AR. =6s there is the greateſt difference 
of the times of riſing. Thoſe figns which riſe with the leaſt angle ſet 
with the greateſt, and the contrary; therefore when there is the leaſt 
difference in the times of riſing, there is the greateſt in ſetting, and 
the contrary. | f 

The lunar months, and mean diſtances of the moon at different times 


being different. The time of a mean ſidereal month was 27d. f. 430114 
| | 8 : % | | at 
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at the beginning of this century ; but the mean motion is accelerated. 
he moon's mean diſtancesis 60: ſemidiameters of the earth; and the 
mean inclination of her orbit! is about 5.8“. The nodes are retrograde 
at the rate of 190. 19.45 in a year of 3654.; and the apogee 1s pro- 


7 3 


greſſive at the rate of 6. 41 . 1“ in a day. 


ON THE SATELLITES OF JUPITER, SATURN AND 
THE GEORGLIUM SIDUS, 


72. Jupiter has four ſatellites revolving about it. 


Their periodic times are 14. 187.2 33“ 34. 13. 1 30.42; 7d. 35. 420 
33 and 1069. 16/:. 32. 80. They revolve in orbits circular, or very 
nearly ſo, except the fourth which Dr. BRA DLE x found to be elliptical. 
Their diſtances from the center of Jupiter in terms of his ſemidiameter 
are 5,905, 9,494, 15,141 and 26,63 according to Sir I. NEwToN. 
Their motions are ſubject to conſiderable irregularities from their mu- 
tual attractions. They ſuffer eclipſes like our moon. 


73. Saturn has ſeven ſatellites revolving about it. 


Their periodic times are 1d. 8. 53+ 80 »9; 1d. 10.37 222 „9; 14. 214. 
18.27 ; 2d. 17. 41. 22; 44. 12.2 5. 1203; I Cd. 22. 41. 12; 79d. 7. 40 
the two n were determined by Dr. HERSCHEL, who diſcovered 
thoſe two ſatellites, and the other by Mr. Pound. The diftance of 
the two firſt from the center of Saturn are 39'.79' and 29 07” accord- 


ing to Dr. HERSCHEL, and of the others 432 3 56; 17183“; 8 424" 
according to M. Cass ix, the ſemidiameter of Saturn being 20” 


74. Saturn i is alſo encompaſſed with a broad fat 
ring, whoſe greateſt apparent diameter : that of 
the planet :: 9 : 4. 


This, which was ſuppoſed to be only one ring, Dr. Hz RSCHEL has 
diſcovered to be two, both lying exactly in the ſame plane. He has 
alſo diſcovered that it revolves about an axis perpendicular to its 
plane in 10%. 32. 15% 4. Dr. HERSOHETL has alſo, confirmed, what Sir 
I. Nx wrTrox had before obſerved, that the 5th. ſatellite revolves about 
its axis; he makes the time of rotation to be 79d. 7. 47. 


75. The Georgium Sidus has two ſatellites re- 


volving about it. 


Theſe were diſcovered by Dr. He RSCHELS he makes the times of 
their ſynodic revolutions to be 84. 170%. l r1.19',3 and 134. 1 13.5.1753 
and their diſtances from the planet 33% 09 and 44“, 23 at the mean diſ- 
tance of the planet. Their orbits are nearly perpendicular to the 


ecliptic. 
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76. The ſun is greater than the earth, and the: 
earth 1s greater than the moon. 


77. If tangents be drawn from the ſun to the 
correſponding tides of an opaque body, they ter- 
minate the umbra; if they be drawn to the oppoſi ite 


| tides they terminate the penumbra. 


Hence if the opaque body be a ſphere, the umbra and penumbra 
will be conical, and the latter will always be an increaſing fruſtrum of 
a cone; but as the earth and moon are leſs than the ſan, the former 
will be a cone which terminates. Hence a ſection of each perpendi- 
cular to the axis 1s a circle, and the penumbra includes the umbra. 

The length of the earth's umbra, at the mean diſtance of the fun, 
is about 216 ſemidiameters of the earth, and the length of the moon's 
umbra about 59. 

In eclipſes of the moon the ſhadow is found to be a little greater 
than what this rule gives, owing to the atmoſphere of the eart 
MayeR thinks you ought to add as many ſeconds as the ſemidiameter 


contains minutes, 


78. An eclipſe of the ſan 3 at the new 
moon, and an eclipſe of the moon at the full moon. 


79. There is not an eclipſe of the ſun at every 
new moon, nor an eclipſe of the moon at every 
full moon, owing to the plane of the moon's orbit 
being inclined to the ecliptic. | 


80. To determine the limits of a lunar eclipſe. 


The limits of a lunar eclipſe are theſe. At the full moon, 
If the moon's latitude = the ſemidiameter of the earth's ſhadow 
4 ſemidiameter of the moon, there will be 20 eclipſe. 
2. If the latitude be leſs than that ſam, but greater than their diffe- 
rence, there will be a partial eclipſe. 
3. If the latitude be leſs than their difference, there will be a rt 
eclipſe. 
> 5 The diſtance of the center of the earth's ſhadow from the node, 
or the ſun” s diſtance from the oppoſite node, at the firſt limit, is about 
12. 23“; within which diſtance therefore the node muſt be from oppo- 
ſition that there may be an eclipſe of the moon. 
What is here uſually called the moon's latitude is not ſtrictly fo, it 
TD 0 S 2 being 
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being a perpendicular to the moon's orbit and not to the ecliptic; it 
differs however but a very little from it, on account of the ſmall angle 
between them. The ſame quantity is called the latitude in the next 
propoſition. | | 


81. To e the limits of a ſolar eclipſe. 


The limits of a ſolar eclipfe are theſe. At the new moon, 

1. If the moon's latitude = the ſemidiameter of the earth + the ſemi- 
diameter of the moon, there will be zo eclipſe. 

2. If the latitude be leſs than that ſum, hut greater than their diffe- 
rence, there will be a partial eclipſe. 

* I the latitude be leſs than their differimcs, there will be a total 
eclipſe. 

7 The diſtance of the ſun from the node at the firſt poſition 15 
about 16. 35; within which diſtance therefore the earth muſt be from 
the node that there may be an eclipſe. 


82. There are more eclipſes of the ſun than of 
the moon; but more eclipſes of the moon than of 


the ſun are ſeen at any given place. 


If the nodes of the moon's orbit were fixed, there could not be more 
than ſix eclipſe® in a year, nor leſs than two; but in conſequence of 
the retrograde motion of the moon's nodes, there may be ſeven in a 
year, but this does not affect the other limit. 


TO FIND THE LONGITUDE. 


3. The longitude may be found by an eclipſe 
of the moon, or of Jupiter's ſatellites. 


For having the hour when they happen at Greenwich, find by prop. 
16, 17. the hour when they happen at any other place, and the diffe- 
rence of the times converted into degrees at the rate of 1 5 for an 
hour gives the difference of longitudes; and the longitude of the place 
is eaſt or weſt from Greenwich, according as the hour at the place is 
before or after that at Greenwich. The eclipſes of ON cannot be 
obſerved at ſea from the unſteadineſs of the ſhip. 


34. The longitude may alſo be round by a i watch 
which keeps true time. 


For if ſet to the time at Greenwich, it will always ſhow the time at 
that place, which compared with the time found at any other place, 
by taking the ſun's or a ſtar's altitude, the difference gives the longi- 
tude as before. | 


85. The 
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8 5. The longitude may be found by taking the 

moon's diſtance from the ſun or a fixed ſtar. 
Obſerve the diſtance, and alſo the two altitudes, and from thence 

find the true diſtance, and alſo the time from the ſun's or ſtar's altitude. 
The true diſtance of the moon from the ſun or ſtar is put down in the 
Nautical Almanack for every three hours at Greenwich; hence, by 
proportion, you may find the time at Greenwich when it is at any other 
diſtance. Find therefore the time at Greenwich when it is at the true 
diſtance deduced from obſervation, and the difference between that 
time and the time at the place of obſervation gives the difference of 


longitudes. See all the rules, with an example, in my Practical Aftro-— 
nomy, p. 51. 


ON THE PROGRESSIVE MOTION OF LIGHT, AND 
THE ABERRATION OF THE FIXED STARS, 


86. Light is not inſtantaneous but progreſſive. 


This was diſcovered by M. RzaumvR, who obſerved that an eclipſe - 
of Jupiter's ſatellites began about 16' ſooner when Jupiter was in op- 
poſition than when in conjunction, which he determined could ariſe 
from no other cauſe than the progreſſive motion of light, which would 
have to move over the diameter of the earth's orbit more in the latter 

caſe than in the former, before the eclipſe would appear to begin. 
87. From the progreſſive motion of light and of 
the earth in its orbit, the place of every fixed ſtar, 
meaſured by an inſtrument, is forwarder than its 
true place, reckoned according to the motion of 


the ſpectator. 


88. The ſine of the angle of aberration: the 
ſine of the angle which the line joining the earth 
and the apparent place of the ſtar makes with the 
direction of the earth's motion :: the velocity of 
the earth : the velocity of light. 


Cor. As the former angle is obſerved to be 20“ when the latter be- 
comes a right angle, we have, the velocity of the earth: velocity of 
light:: fin. 20“: rad. :: 1: 10314. Hence allo this aberration is no- 
thing when the ſpectator moves directly to or from a ftar. The place 
meaſured by the inſtrument is called the apparent place. 


89. Whilſt - 


— 


89. Whilſt the earth makes one revolution in 
its orbit, the curve deſcribed by the apparent place 
of a ſtar upon a plane parallel to the ecliptic 1s 


a circle. 


The true place of the ſar in that circle divides that ante which, 
if projected upon the ecliptic, would be perpendicular to the major 
axis of the earth's orbit, in the ſame ratio as one of the foct divides 


that major axis. 


90. Every ſtar appears to deſcribe an ellipſe, 
whoſe major axis: minor :: radius: fine of the 


ſtar's latitude. 

The major axis of this ellipſe for all ſtars is 40“, and is always pa- 
rallel to the ecliptic; the minor axis is perpendicular to it. The path 
appears an ellipſe, becauſe it is the abovementioned circle ſeen obliquely. 

91. If m and u be the ſine and coſine of the 
earth's diſtance from ſyzygies, v and w the ſine 
and coſine of the ſtar's latitude to radius WT 
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then vm x 20 = the aberration in latitude, and - 


x 20"= the aberration in longitude. 


The exact agreement of this theory with obſervations is a very ſatiſ- 
factory proof of the velocity of the earth, and that light is progreſſive. 
In 70 obſervations on / Draconis, Dr. BRA DLE found but one (and 
that is noted very dubious on account of clouds) which differed more 
than 2 from theory, and that did not differ 3”. The theory agreeing 
thus exactly with obſervation, without confidering the annual parallax, 
proves that the annual parailax is inſenible. Hence Dr. BRA DLE 
deduced the following concluſions. 1. That the light of all the fixed 
ſtars arrives at the earth with the ſame velocity; for the major axis of 
the ellipſe is the ſame in all the ſtars. 2. That unleſs their diſtances 
from us are all equal, which is very improbable, their lights are pro- 
pagated uniformly to all diſtances. 3. 'That hght comes from the 55 
to the earth in 8.7, and its velocity: that of the earth :: 10314: 

4. That as the velocity of the ſtar light comes out about a mean of 
the ſeveral velocities found from the eclipſes of Jupiter's ſatellites, we 
may conclude that the velocity of reflected light is equal to that of 
direct light. 5. And as it is highly probable that the velocity of light 
from the ſun and fixed ſtars is the fame, it follows that its e 18 


not altered by reflection into the ſame medium. 
on 
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ON THE PHYSICAL CAUSES OF THE PLANETS 
. MOTIONS. | 


92. All the primary planets are urged by forces 


tending to the ſun. 


For by obſervation they all deſcribe equal areas about the ſun in 
equal times, therefore by Sir I. NewToN's PRINCIPIàA, prop. 2. ſect. 
2. lib. 1. they are urged by forces tending to the ſun. This is called 2 
centripetal force. The projectile force of each planet prevents them 
from deſcending to the ſun, and this is called a centrifugal force. By 
theſe two forces the planets are retained in their orbits. 


93. All the primary planets deſcribe ellipſes 


about the ſun; which is in one of the foci. 


For by obſervation the diſtance of the apſides of their orbits in re- 


ſpect to the ſun= 1809, therefore by the Px1Nnciea, ſect. g. prop. 45. 
lib. 1. the force varies inverſely as the ſquare of their diſtance from 


the ſun; hence by ſe. 3. prop. 13. cor. they deſcribe ſome conic ſec- 
tion having the ſun in one of the foci, and that conic ſection muſt be 
an ellipſe, otherwiſe the orbit would not have two apſides. Hence 
the force with which the primary planets are urged towards the ſun 
varies inverſely as the ſquare of their diſtance from the ſun. | 


94. All the ſecondary planets are urged by forces: 


tending to their reſpective primaries. 

For they all deſcribe areas about their reſpective primaries propor- 
tional to the times, except ſome ſmall irregularities which may be ac- 
counted for from the action of the ſun, and from their actions upon 
each other; hence, as before, they are urged by forces tending to their 
reſpective primaries. | ke 


95. If the ſun did not diſturb the motion of 


the moon, it would. revolve in an ellipſe about the 


earth in one of its foci. 


The apſides of the moon's orbit have a ſmall progreſſive motion. 
Now it appears by computation, that this motion is juſt as much as 
the ſun would cauſe, if the moon revolved in an ellipſe about the earth 
in one of its foci; therefore without ſuch a diſturbing force the moon 
would ſo revolve. Hence the moon is urged towards the earth by a 
force which varies inverſely as the ſquare of the diſtance. _ h 


96. All the ſecondary planets are urged towards 


their reſpeCtive primaries by forces which vary in- 
” . verſely 
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verſely as the ſquares of their diſtances from the 


primary. 

For they all revolve in circles, or very nearly ſo, and the periodic 
times are obſeryed to be in a ſeſquiplicate ratio of their diſtances. 
Hence by the Pr1NnciPla, lib. 1. ſect. 2. prop. 4. cor. 6. the force 
varies inverſely as the ſquare of the diftance. 

All the deviations of the moon's motion from its motion in an im- 
| moveable ellipſe, may be accounted for from the action of the ſun 
upon it. 

The general principles of theſe irregularities are explained by Sir I. 
NewrToNn in his PRINCIPI A, lib. 1. prop. 66. and its corrollaries. 
In lib. 3. he has computed the principal effects, and ſhown that they 
agree with obſervation. Since his time all the ſmaller effects have been 
determined, partly by theory and partly by obſervation, and tables 
conſtructed which will give the place of the moon to a very great de- 


gree of accuracy. 


97. The earth is a ſpheroid whoſe polar d - 


meter is leſs than the equatorial. 


This ariſes from the centrifugal force of its parts from its rotation 
about its axis. According to Sir I. NExwrox, in lib. 3. prop. 19. the 
ratio of the diameters is as 229: 230, which makes the equatorial ex- 


ceed the polar diameter by about 34 miles. 


98. The preceſſion of the equinoxes ariſes from 
the attraction of the ſun and moon upon the parts 
of the earth, exterior to that of a ſphere upon the 


polar diameter. 
Sir I. NRW TON, in lib. 1. prop. 66. cor. 20. has given the principles 
upon which this motion of the earth may be accounted for; but in his 
inveſtigation of the quantity of the effect in Iib. 3. prop. 39. he has 
fallen into an error. As however the earth is not homogeneous, nor 
the denſity of the moon accurately known, it is Amos to compute 


the true quantity with certainty. 


99. The tides ariſe from the action of the fun 


and moon. 


The general principles of the tides, Sir I. NewToN has explained 
in lib. 1. prop. 66. cor. 19; and in lib. 3. prop. 24. de Syſt. Mundi, he 
has ſhown that they will account for all the phznomena, 
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©; HE earth contains a mineral ſubſtance 

which attracts iron, ſteel and all ferrugi- 
nous ſubſtances ; this is called a natural magnet or 
loadflone. „ 


The ſame ſubſtance has the power to communicate its properties to 
iron, ſteel and all ferruginous ſubſtances; the bodies to which theſe 
properties are communicated are called artificial magnets. Theſe mag- 
nets are alſo made without the natural magnet. 


2. If a magnet be ſuſpended at its center of 
gravity upon a point, ſo that it may revolve in an 
horizontal plane, one end will be conſtantly 
turned towards the north pole of the earth and 
the other towards the ſouth pole. The end di- 
rected towards the north pole of the earth is called 
the north pole of the magnet, and the other end the 
ſeuth pole. This is called a compaſs. 


Every magnet has two poles of this kind. The north pole is not di- 
rected exactly towards the north pole of the earth; the preſent varia- 
tion at London, is about 2339 towards the weſt, and is increaſing. In 
the year 1657, the magnet was directed exactly towards the north pole. 
Before that time it was directed towards the eaſt; but ever ſince that 
time the deviation has been increafing towards the weſt. In different 
parts of the earth's ſurface the deviation is different. This deviation 
from the north is called the variation of the compaſs. The variation 
at the ſame place is obſerved to be different at different times of the 
rr and on different parts of the day, it being affected by heat and 
cold. | 

A great circle in the heavens paſſing through thoſe two points of 
the horizon to which the polcs of a magnet are directed is called the 
magnetic meridian. | | : 

3. If 


3. If two cans bs AT Sn and placed 
near to each other, the ſame poles will repel and 
the contrary will attract each other. 


The point between the two poles where the magnet has no attrac- 
tion nor repulſion is called the magnetic center. This point is not 
always exactly in the middle between the two poles. 

4. If two magnets be made to ſwim upon any 
fluid, the contrary poles will attract each other and 
bring them together; and the ſame poles will repel 
and ſeparate them. 


5. If one end of a magnet be drawn along a 
needle, or any bar of iron or ſteel, ſeveral times 
in the ſame direction, the needle or bar will be- 
come magnetic; and that extremity of the needle 
or bar which the magnet touched laſt, acquires a 
polarity contrary to that of the end of the magnet 
which was applied. 


6. If the magnet be drawn in a contrary fires 
tion, it will take away he 8 wan it 
before gave. 


7. A bar of iron or ſteel not magnetic attr acts 
a magnet as much as the magnet attracts the bar. 


8. The magnetic power will be increaſed in two 
magnets by letting them remain with their * 
ſite poles together. | 


Magnetic bars ſhould therefore be Gaye left with the TS” poles 
laid againſt each other, or by connecting their oppoſite poles by a bar 
of iron; if the like poles be laid together, they will diminiſh or de- 
ſtroy each other's magnetiſm. 

The magnetic power will be increaſed in a magnet, by letting a 
piece of iron remain attached to one or both of its poles. A * 
magnet ſhould therefore be a thus left. 5 


9. A 
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9. A bar of ſoft ſteel acquires magnetiſm faſter 
and loſes it faſter than an hard bar. 


10. To find whether a bar of iron or ſteel be 
magnetic, apply one end to the needle, and if it 
attract both ends of the needle it is not magnetic; 
but if it attract one end and repel the other it is 
magnetic. 


11. If a magnetic bar be broken into any two 
parts, each part becomes a complete magnet having 
two poles, the ends of each next to where it was 
broken, acquiring a polarity contrary to the other 
end,” p 1 

12. A magnet will attract a piece of iron or 
ſteel, although any other body ſhould interpoſe, 


unleſs that body be red hot. 


13. The attraction between two magnets begin 
at a greater diſtance than between a magnet and 
a piece of iron; but when in contact the magnet 


attracts the magnet with leſs force than it attracts 


the iron. 


It appears from hence, that the attradtion varies faſter in the latter 
caſe than in the former. 


14. If the combiaty poles of a ſtrong and "RY 


magnet be placed together, it often happens that 


the weaker will have its poles changed, depending 


upon their different ſtrengths. 


Without attending to this it might appear that the ſame poles at- 
tract each other. But this happens for the ſame reaſon that a m 1 
will give magnetiſm to any piece of iron; it firſt deſtroys the 
magnetiſm and then gives it a contrary one. 


Is. If a bar or necdle be lad 1 in the magnetic 
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eridian and an electrical ſtroke be ſent through 
it, that end towards the north acquires a north 
polarity, and the other the ſouth polarity. 


16. If a bar of ſoft iron be kept vertical for 
ſome time in theſe parts of the earth, it becomes 
magnetic, and the lower end will acquire a north 
polarity ; but in the ſouthern parts of the earth it 
acquires a ſouth polarity: if you invert the bar its 
polarity will be inſtantly reverſed. 


17. A long bar of iron or ſteel, or a long piece 

of wire, ſuppoſe 3 or 4 feet, may have ſeveral poles, 
the north and ſouth following one another with 
a magnetic center between each. 


18. An iron bar which in FBS poſition will at- 


tract one end of a magnet, will when held in an- = 


other poſition repel it. 


19. If a magnet be ſuſpended by an * 8 
axis at its center of gravity, ſo that it may vibrate 
in a vertical circle, the north pole will here be de- 
preſſed and the ſouth pole elevated; in the ſouth- 
ern parts of the earth, the contrary takes place; 
and the dip alters gradually from one hemiſ JO 
of the earth to the other. 


This inftrument 1s called the dipping needle; and, like the poſition 
when moving in an horizontal plane, the rag, th is ſubject to a variation. 
The dip at London, at this time is about 7249, and from the moſt ac- 
curate obſervations on that dipping needle belonging to the Royal 
Society, it appears to diminiſh about 15 in 4 years. In going from 
the north to the ſouth, the dip does not alter regularly. As it is ex- 
tremely difficult to balance the needle accurately, the poles of the 
needle are generally reverſed by a magnet, fo that its two ends may 
dip alternately, and the mean of the two is taken. 

The phænomena of the compaſs and dipping needle, and of the mag- 


netiſm acquired by an iron bar in a vertical poſition, leave no room to 
doubt 
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doubt but that the cauſe exiſts in the earth. Dr. HaLLey ſuppoſed 


that the earth has within it a large magnetic globe, not fixed within 


to the external parts, having four magnetic poles, two fixed and two 
moveable, which will account for all the phænomena of the compaſs 
and dipping needle. This would make the variation ſubject to a con- 
ſtant law, whereas we find cauſual changes which cannot be accounted 
for upon this hypotheſis. This the Doctor ſuppoſes may ariſe from 
an unequal and irregular diſtribution of the magnetical matter. The 
irregular diſtribution alſo of ferruginous matter in the ſhell may alſo 


| cauſe ſome irregularities. Mr. Ca vALTLo's opinion is, that the mag- 


netiſm of the earth ariſes from the magnetic ſubſtances therein con- 
tained, and that the magnetic poles may be conſidered as the centers 


of the polarities of all the particular aggregates of the magnetic ſub- 
ſtances; and as theſe ſubſtances are ſubject to change, the poles will 


change. Perhaps it may not be eaſy to conceive how theſe ſubſtances 
can have changed ſo materially, as to have cauſed ſo great a variation 
in the poles, the poſition of the compaſs having changed from the eaſt 
towards the welt about 3 30 in 200 years. Alſo the gradual, though 
not exactly regular, change of variation ſhows, I think, that it cannot 
depend upon the accidental changes which may take place in the mat- 

ter of the earth. Dr. HALLE firſt laid down charts of the variation 
of the compaſs, drawing curve lines through all thoſe places where the 
variation is the ſame. Theſe curve lines never cut one another. If 
a dipping needle be carried from one end of a magnetic bar to the 
other, when it ſtands over the ſouth pole the north end of the needle 
will be directed perpendicularly to it; as the needle is moved, the dip 
will grow leſs, and when it comes to the magnetic center it will ſtand 
parallel to the bar; afterwards the ſouth end will dip, and the needle 
will ſtand perpendicular to the bar when it is directly over the north 
pole. A bar thus uſed is called a zere//a, or little earth, the phæno- 
mena being ſimilar to thoſe of carrying a dipping needle from the north 
to the ſouth. According to Dr. HALLE V' s Hypotheſis, the pole of 
the magnet within the earth, which makes our needle dip here has a 
ſouth polarity, as it attracts that which we call the north pole of the 
needle; and the contrary pole muſt have a north polarity. The aurora 
borealis appears to have an affect upon the needle, as it has often been 


obſerved to be diſturbed when that phænomenon has appeared very 


ſtrong. 
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1. F a glaſs tube be rubbed with ſilk, or if a 
globe or cylinder be turned about its axis 
and rub againſt a cuſhion covered with filk, ſparks 
and flaſhes of fire will dart from them. This 1s 
called electricity; and the luminous matter is called 
the electric fluid. | | 
The excitation will be ſtronger if upon the ſilk you put ſome amal- 
gam, uſually made with five parts of quickfilver and one of zinc. 
The bodies which you can thus excite are called elecrics; thoſe 
which you cannot excite are called zon-e/efrics. Thoſe bodies which 
being applied to an excited electric receive and tranſmit the fluid are 
called conductors; thoſe which will not tranſmit the fluid are called on- 
conductors. Every electric is a non- conductor, and every non-elettric is 
a conductor. The electrics, or non- conductors, are 1 ſealing-wax, 
roſins, amber, ſulphur, baked wood, filk, &c. &c. The non-eleQrics, 
or conductors, are metals, ores, quickſilver, all fluids except air and 
oils, moſt ſaline ſubſtances, ſtony ſubſtances, green wood, &c. &c. 
Amongſt theſe, metals are the beſt conductors. A body is ſaid to be 
inſulated when it is ſupported by non- conductors only. The electric 
fluid is generally excited by a cylinder and cuſhion, and againſt the 
cylinder an inſulated conductor, called the prime conductor, is placed to 
receive and contain the fluid as it is excited. The cuſhion is inſulated, ” 
burt that inſulation may be taken away by hanging a chain from it to 
the ground: . Fo: 


2. If an electric tube be excited, it will firſt at- 
tract and then repel light bodies, as ſmall pieces of 
paper, thread, metal, &c. &c. The conductor will 
alſo do the ſame. _—_ 
U 3X 
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3. If two light pith or cork balls be hung to- 
gether from a non-conductor, or be inſulated in 
any manner, when brought near the prime con- 
ductor they will repel each other. 


4. If an inſulated conductor be connected with 
the cuſhion, and there be two pith or cork balls 
inſulated and electrified by it, theſe balls MT each 


other. 


5. If one inſulated ball be electrified by the 
prime conductor, and another by the conduftor 
on the cuſhion, when brought together they wall 
attract each other. 


6: If one ball be electrified by a ſmooth excited 5 
glaſs tube, and the other by an excited cylinder of 


ſealing-wax or roſin, they will attract each other. 


7. If one ball be electrified by a ſmooth and the 
other by a rough excited glafs tube, ry will at- 
tr tract each other. 


28. If a ball be clectrified by any ed body, 
it will attract a body not electrified. 8 


It appears from theſe experiments that there are two different elec- 
tric powers; that from the prime conductor, or ſmooth glaſs tube, is 
called p9/ive, and ſometimes vitreous electricity; that from the cuſhion, 
ſealing-wax, roſin or rough glaſs tube 1 Is called negative, and ſometimes 
reſinous electricity. 

. are 1 the following properties of electric attraction and repulſion. 


If two bodies be electriſied both Fe or both negatively, 


oy repel] each other. 


2. If one be electrified | poſitively: and the other negatively, they 


will attra& each other. 
3. A body electrified * e or | negatively will attraf 1 
15 20 not electriſiet. 


H YP O- 
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HYPOTHESES: 


Reſpecting the theory of electricity there are two different Hypo- 
theſes, one that there is only one fluid, and the other that there are 
two. Dr. FRANKLIN's Hypotheſis is, that there is only one fluid, 
and this theory depends on the following principles. 1. That all ter- 
reſtrial bodies are full of the electric fluid. 2. That the electric fluid 
violently repels itſelf and attracts all other matter. 3. By exciting an 
electric the equilibrium of thè electric fluid contained in it is deſtroyed, 
and one part contains more than its natural quantity, and the other leſs. 
4. Conducting bodies connected with that part which contains more 
electric fluid than its natural quantity, receive it, and are charged with 
more than their natural quantity; this is called po/rzwe electricity; if 
they be connected with that part which has leſs than its natural quan- 
tity, they part with ſome of their own fluid, and contain leſs than their 
natural quantity ; this is called negative electricity. 5. When one body 
poſitively and another negatively electrified are connected by any con- 
ducting ſubſtance, the fluid in the body which is poſitively electriſied 
ruſhes to that which is negatively electrified, and the equilibrium is 
reſtored. Theſe are the principles of poſtive and negative electricity. 

The other Hypotheſis is, that there are two diſtinct fluids; this was firit 
ſuggeſted by Mr. Do Fa RE, upon his diſcovery of the different pro- 
perties of excited glaſs, and excited roſins, ſealing-wax, ſulphur, &c. 
The following are the principles of this theory. 1. That the two 
powers ariſe from two different fluids which exiſt together in all bodies: 
2. That theſe fluids are ſeparated in non- electrics, by the excitation of 
ele&rics, and from thence they become evident to the ſenſes, they de- 
ſtroying each others effects when united. 3. When ſeparated they 
ruſh together again with great violence in conſequence of their ſtrong 
mutual attraction, as ſoon as they are connected by any conducting 
ſubſtance. Theſe are the principles of vitreous and reſinous electricity. 
This is the theory of Mr. EzLes from the Hint of two fluids by Mr. 
Du Fars. 3 


9. The electric fluid is received from the earth. 


For if the rubber be inſulated no electricity can be produced. 

2A jar or phial coated on the inſide and outſide with tinfoil, except 
about 2 inches on the top, is called the Leyden phial or jar, the uſes of 

which in electricity having been diſcovered at Leyden, by Mr. Mus- 

CHENBROEK. 


10. If a braſs wire, with a ball on the top, be 
put into the Leyden phial, and the ball be applied 
to the prime conductor when electrified, and the 
_ outſide be connected with the earth by conductors, 
the infide will be charged with the poſitive, and 
| „ e 
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the outſide with the negat ie electricity; - and if a 
communication be formed by a conducting ſub- 
{tance between the inſide and the outſide, an ex- 
ploſion will be heared, and the  phial will be diſ- 
charged. 


The communication may be made by a number of perſons taking 
hold of each others hand, when each perſon will receive a ſhock. 
If this be explained by the firſt hypotheſis, the inſide of the jar is 
ſaid to have more than its natural quantity of the electric fluid, and 
the outſide as much leſs than its natural quantity, one always gaining 
exactly as much as the other loſes. If it be explained by the ſecond 
hypotheſis, the inſide of the jar is faid to have received a certain quan- 
tity of the vitreous fluid, and the outſide as much of the reſinous. 


11. If the ball of the phial be applied to the 
conductor on the cuſhion, the inſide will be charged 
with the negative and the outſide with the e 
electricity. 


' As it is neceſſary for many experiments to collect a large quantity 

of this flaid, a great many phials are placed together, having their out- 

fides and inſides reſpectively connected, in conſequenec of which they 
may all be diſcharged together. This is called a battery. 


12. If the outſide of an infulated phial be con- 
nected with the prime conductor, and the inſide 
of another phial with the inſide of that, the out- 
{ide of the latter having a communication with the 


earth, both will be equally charged. 


In this caſe the inſide of the ſecond phial has received as much fluid 
from the inſide of the firſt, as the outlide thereof received from the 
machine. 


13. If a phaal be inſulated, it cannot be 3 
by applying the knob from the wire within to the 
conductor. 


14. Place an inſulated Phil ſo that its knob 
may be about half an inch from the conductor, 
and whilſt the cylinder is turning, hold a braſs 

. | | knob 
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| knob near the coating of the j Jar, and it will re- 
ceive a ſpark from the coating for every one that | 
paſſes from the conductor to the knob. | 


Theſe two laſt facts prove, according to Dr. FrankLin's Hypo- 
theſis, that the inſide can receive no fluid, unleſs an Pp n 
goes off from the outſide. 


15. Place the knob of an inſulated bottle in 
contact with the prime conductor, and connect 
the outſide coating with the cuſhion, and the bot= 
tle will be charged with its own electricity, the fire 
going from the outſide round by the cuſhion into 
the inſide. 


16. Hang a ſmall linen thread near the coating 
of an electrified phial, and touch the wire from 
the inſide, and at every touch the thread will be 
attracted by the coating. 


This Dr. FRANKLIN gave as a proof of his pod for as te 
fire was taken from the infide, the outſide drew in an equal quantity 
by 1 thread. 


157. When a phial is charged, the fluid reſides 
in the glaſs, and not in the coating. 


18. If a phial be inſulated, and its knob con- 
nected to the prime conductor, and the machine 
be put in motion, a certain quantity of electric 
fluid will be added to the inſide; for if you touch 
the outſide, a quantity _ * to that thrown | 


in comes from it. 


This experiment 1s uſed by Dr. Grey againſt Dr. FRankLiN's 
Hypotheſis, as here was a certain quantity of fluid thrown into the in- 
hide without any coming from the outſide. 


19. If a quire of paper be ſuſpended fo that it 


may vibrate eln and an electrical charge be ſent 
throu gh 


45 
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through it, it will give it no motion, but the leaves 
will be protruded both ways from the middle. 


Upon ſuppoſition that there is only one fluid, it has appeared extra- 
ordinary that it ſhould not give the paper any motion. But, as Mr. 
Arwoop obſerves, ſuch a velocity to the fluid may be aſſigned as ſhall 
give a ſmaller angular velocity to the paper than any that can be aſ- 
ſigned, and we know no limit to the velocity of the electric fluid. But 
the oppoſite directions in which the leaves are protruded, tends to 
ſtrengthen the opinion of two fluids coming in an oppoſite direction. 


20. Inſulate a charged bottle, and let a cork ball. 
ſuſpended by filk, hang againſt the outſide; touch 
the knob, and the ball flies off electrified with the 
reſinous power. ” | 

In this caſe, ſays Mr. EzLes, can any Franklinian ſuppoſe, that it 
is the return of the poſitive power to the outſide of the glaſs, that elec- 
triſies the ball negatively? He further obſerves, that it is abſurd to ſup- 
poſe that bodies negatively ele&rified are deprived of their natural 
thare of ele&ricity; it being a contradiction to imagine, that bodies 
will repel each other the more, the more they are diveſted of the power 
of repulſion. 7 | 


21. If a braſs wire and ball be fixed to the end 
of the conductor, and another ball be preſented to 
it, a crooked ſpark will paſs from one to the other, 
when the machine is highly charged. 5 

The largeſt ſparks proceed from that end of the conductor which 15 
furtheſt from the cylinder, and is nearly in proportion to the ſurface 
cf the conductor. 

22. If you preſent only a pointed wire, the elec- 
tric fluid will paſs to it with a hiſſing noiſe and 
in a continual ſtream. The ſame follows, if you 
preſent a ball to a point from the conductor. If 
both be points, the electricity is more readily diſ- 
charged. 


Hence pointed conduQors are put upon buildings in order to draw 
off the electric matter gradually from the clouds, by which they may 
prevent an accumulation of the fluid in the clouds, and thereby a ſtroke 
of lightning may be avoided. If a ſtroke ſhould happen to fall by the 


ſudden coming of a cloud over charged, the conductor may carry it. 
| | e off 


f 
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off without its hurting the building. The conductors ſhould be ele- 
vated two or three yards above the building, and the more there are 
put upon different parts of the building, the greater will be the ſafety. 
. The electric fluid appears a diverging ſtream 
a. a point electrified poſitively, and like a ſmall 
ſtar from a point negatively electrified. 


It is inferred from hence, that the fluid goes from the point eleari- | 
hed poſitively, as a fluid diverging from a point will neceſſarily put 
on the appearance obſerved from the point electrified poſitively; and 
that it goes to the point electrified negatively, for as the point is ſur- 
rounded with the fluid, it muſt break upon it all round from the ſame 
diſtance, and therefore put on the appearance of a ſtar. This experi- 
ment ſeems to be in favour of only one fluid; for if there were two 
fluids paſſing in oppoſite directions, it would not be eaſy perhaps 10 
account for the different appearances in the two points. | 


24. If the diſcharge of a phial be made through 
the flame of a candle, the flame will be driven to- 
wards that part which is electrified negatively. 


. If the diſcharge be made through a pith | 
ball A will be driven towards that part which 1 18 
electrified negatively. n 


Theſe two experiments favour the doctrine of a ſingle fluid. 


26. Preſent a thin exhauſted flaſk to the con- 
ductor, the flaſk will be illuminated, and will have 
the appearance of the aurora borealis. 


: > Hs Gunpowder and ſpirits may be fired by the 
electric fluid. <4 


28. The electric fluid is communicated through 
the body of the conductor, and not n its r 85 
face. 

29. The electricity which is communicated to 
a body lies on its ſurface. 


For the quantity which a body receives is obſerved to be in propot- 
tion to its e and not to its ſolid content. 


30. Smokes: 
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30. Smoke, and the vapour of hot water, will 
conduct the electric fluid. 


31. A pane of glaſs may be deArified on both 
ſides with the ſame power. 


32. Cover two large boards with tinfoil, place 
them parallel, and connect ons inſulated with the 
prime conductor, and the other with the ground. 
Turn the machine, and the former will be elec- 
trified poſitively and the latter negatively; ; and the 
air between them keep the two powers aſunder. 

Thus a plate of air is charged. 


33. If there be two different conductors to make 

a diſcharge, the diſcharge will always be made 
through that which conducts beſt, every thing 
hag being the fame. 


. If the conductors be the fame, but one 
FLAGS than the other, the Achte will br made 
throu gh the ſhorteſt. 


35. If two electric plates be charged, and a 
communication be formed between the vitreous 
ſide of one and the reſinous of the other, no diſ- 
charge will follow, unleſs a communication be 
formed between the other two ſides at the ſame 


time. 


Upon this Mr. ATwood has 2445 the following obſervations. The 
natural electricity in the atmoſphere is frequently diſcharged in this 
manner: Two clouds being electrified with oppoſite powers, the ſur- 
faces of the earth immediately under them are likewiſe electrified with 
powers contrary to thoſe in the clouds above them; and the moiſture of 
the earth forming a communication between the two contiguous charged 
furfaces, whenever the two clouds meet, there will follow a diſcharge, 


both of the clouds and ſurfaces on the earth oppoſed to them. If the 


earth ſhould be dry, and rhe afford a n to the 11 
of. 
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of the two electricities accumulated on or under its f ce, there will 
follow an exploſion in the earth as well as in the atmoſphere, which 
will produce concuſſions and other phænomena which have 2 | 


been obſerved to happen in dry ſeaſons, particularly in thoſe climates 
which are the moſt liable to ſtorms of thunder and lightning. 


36. If a kite be raiſed in the air with a proper 
ſtring, the ſtring is obſerved to conduct a quantity 
of the electric fluid from the air. Bs 


Mr. CavaLLo deduced the following circumſtanees from his ex- 
periments. | En 

1. The air is always ele&rified poſitively, and more in froſty than 
in warm weather. | ; 1 

2. The preſence of the elouds generally leſſen the electricity; ſome- 
times it has no effect, and it very ſeldom increaſes it a little. 

3. When it rains the electricity is generally negative, and very ſel- 
dom poſitive. „ 

4. The aurora borealis ſeems not to effect the electricity. 
Dr. FRANKLIN has obſerved that the clouds are ſometimes nega- 

tively electrified. „ oF J 

Mr. Ach p obſerved the electricity of the atm6ſphere with a pair 

of pith balls attached to a reſinous rod placed above the roof of an 
houſe. This electrometer, from its ſimplicity, is preferable to anß 
other for diſcovering merely when any electricity exiſts in the at- 

| * 


moſphere. 


ON THE ANALOGY AND DIFFERENCE BETWEEN 
_ MAGNETISM AND ELECTRICITY. 


The power of electricity is of two ſorts, poſitive and negative; 
bodies poſſeſſed of the ſame ſort of electricity repel each other, and 
thoſe poſſeſſed of different ſorts attract each other. In magnetiſm, 
every magnet has two poles, one of which always ſtands towards the 
north, and the other towards the ſouth; the ſame poles repel each other, 
and the contrary poles attract each other. 8 N 

In electricity, when a body in its natural ſtate is brought near to 
one electrified, it acquires a contrary electrieity and becomes attracted 
by it. In magnetiſm, when a ferruginous ſubſtance is brought near to 
one pole of a magnet, it acquires a contrary polarity, and becomes at- 
trated by it. | 3 * 

One ſort of electricity cannot be produced by itſelf. In like man- 
ner, no body can have only one magnetic pole. oY 

The electric virtue may be retained by ele&rics, but it eafily per- 
vades noz-elefrics. The magnetic virtue is retained by ferruginous 
bodies, but it eafily pervades other bodies. ö 4 
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On the contrary, the magnetic power differs from the electric, in 
that it does not affect the ſenſes with light, ſmell, taſte or noiſe, as the 
electric does. 3 eee e 
Magnets attract only iron, whereas the electric power attracts bodies 
of every fort. | | ; 

The electric virtue reſides on the ſurface of electriſied bodies, whereas 
the magnetic is interna. 15 5 
A magnet loſes nothing of its power by magnetizing other bodies; 
hat! an eleQrified body loſes part of its electricity by electrifying other 

es. : 

Mr. CavaLLo thinks theſe are the principal points of analogy and 


difference between magnetiſm and electricity. 
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A DD E N D A — 


In mechanics, to prop. 17. add this corollary. | : 
; Hence the motion in any given direction is not altered by compo- 
tion. | a 
To the ſecond obſervation to prop. 21. add 


Hence if the back and two fides be B, 8, & reſpectively, then P, R 


and & will be as Z, © and >, 
fp r " AE 9 
In optics, prop. 27. cor. 1. and prop. 57. obſer. f. by the * apparent 
magnitudes of the image and object“ is underſtood, the angles which 


they ſubtend at the eye, and not the apparent magnitudes according 
to the judgement which the mind forms of them. 


C G n N 1 A 
Pag. 13. 1. laſt but 2, for three-fourths, read three-fifths. Pag. Ic, 


1. 30. for awill, read may. Pag. 25. I. 7. for FV, read FT. Pag. 
136. I. laſt, for 68, read 67. | 


« ” — ; "Ow as N 


The purchaſers of my PRACTICAL ASTRONOMY 


are requeſted to make the following corrections. 


Pag. 2. I. laſt, for 3288, read ;5;. Pag. 4. I. 20, for 358 read 345. 
Pag. - 1. 17. forelatter, read former ; 5 I. 18. for 3 read latter. 
Pag. 43. I. laſt but 1, for at an alt. 440. 22, read in alt. an axim. 449.22; 
and 1: laſt, for 2334 of a degree 2,9336, read 2, 33429“, 336 in 
time. Pag. 47. J. * for below, read abowe. Pag. 64. I. 24. for 4, 
read 4. Pag. 97. l. 
read limbs. Pag. 170. I. 20. for 28, read 4. In the errata, for 
Us HER, Profeſſor of Aſtronomy, at Dublin, read Mr. RA us DEN. 


- 


7. for a, read c. Pag. 133. 1. 19. for —_ 


